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ABSTRACT 

We present time series data on the variable stars of the galactic globular cluster Messier 3 
(M3). We give BVIc light curves for 226 RR Lyrae, 2 SX Phe and 1 W Vir type variables, 
along with estimated fundamental photometric parameters such as intensity and magnitude- 
averaged brightness and pulsation periods. In some cases the periods we have found signif- 
icantly differ from the previously published ones. This is the first published light curve and 
period determination for variable V266. The /-band light curve has not been observed pre- 
viously for numerous (76) variables. Three new RR Lyrae variables have been discovered. 
Groups of RR Lyrae variables that belong to different evolutionary stages and have been sep- 
arated previously on the basis of V data were found here for all colours and colour indices 
by cluster analysis. The /-band period - luminosity relation is also discussed. From the 66 
modulated (Blazhko type) RR Lyrae stars we investigated, six are newly identified and two of 
them are first overtone pulsators. In the case of 13 RR Lyrae, the period of Blazhko cycle has 
been estimated for the first time. V252 is identified as a new RRd variable. Amplitude ratio 
of RRd stars have been investigated to search possible mode content changes. In contrast to 
previous publications no changes have been found. Problems with the sampling of the time 
series of typical cluster variability surveys is demonstrated. 

Key words: techniques: photometric - stars: RR Lyr - stars: variables - globular clusters: 
individual: M3 



1 INTRODUCTION 

Multicolour photometry of RR Lyrae stars is very important for 
obtaining information on their physical parameters such as tem- 
perature, mass and luminosity. RR Lyrae stars in globular clusters 
deserve additional interest because they offer an excellent test for 
the stellar evolution theory and cosmological distance scale. Regu- 
lar monitoring of clusters' variables is also essential to investigate 
various subtle effects, such as period and modal content changes of 
multimode RR Lyrae stars, or the Blazhko phenomenon. 

M3 (NGC 5272; azooo = 13''42™11^2, Jaooo = 28°22'32") 
has been target of a large number of different studies. Although 
it is the most variable-rich galactic globular cluster (with 274 cat- 
alogued variables, with most of these belonging to the RR Lyrae 
type), th e number of high quality time series observations are still 
limited. ICorwin & Carney, (2001) (hereafter CCOl) published a 
comparable amount of data in B and V colours to the dataset pre- 
sented here. In addition, only three CCD-observations based pub- 
lications exist with partial coverage of M3: Kaluznv at al. ( 1998) 
(K98) in V-band, iCarretta et alj j 19981) (C98) and IHartman et alj 
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J2OO?) (H05) in gW. IStrader. Everitt & Danfor j j2002l ) (S02) de- 
rived V time series for stars in the core of the cluster, but their light 
curves represent differential fluxes on an arbitrary scale, instead of 
standard magnitudes. 



Th e lack of data on M3 inspir e d several time series studies ; 
suc h aslMallik. Christensen & Sah j j 19991) . lUelesich et j2000l) 
and'Ardl an^^e^^^lT]2'o02h . The results of these investigations 
have not been published yet. 



We started a multicolour BVlc CCD survey of globular clus- 
ters at Konkoly Observatory in 1998. The main goal of the project 
is to obtain high quality time series for as many globular cluster 
variables as possible. The instrumentation enables us to observe the 
clusters simultaneously with two telescopes (1-m RCC and 90/60- 
cm Schmidt), both equipped with CCD cameras. Their different 
fields of view (FOVs) make it possible to obtain images with suffi- 
cient resolution for accurate photometry of both the crowded cen- 
tral regions and the dispersed halos, respectively. In this work we 
present the observations of M3. 
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Figure 1. The relative sizes and positions of the frames used in the 
published CC D time series pap ers on M3. The notations are: ' K' - 
Ikaluznv eTaO \\99^ . 'C - Emretta et alj 119981). - 'H' Hartman eTap 
l2005t) . -'RCC + 'SCHMIDT' - present work. ICorwin & Cameu kim^ 
have used a slightly larger FOV than 'SCHMIDT'. 

2 OBSERVATIONS AND DATA REDUCTION 

2.1 Observations 

The observational material of M3 was obtained in two seasons 
(1998 and 1999) with two telescopes (see Table Q for details). 
Both telescopes are mounted at Piszkesteto Mountain Station of 
the Konkoly Observatory. The 60/90/1 80-cm Schmidt telescope is 
equipped with a CCD camera by Photometries Inc. having a Kodak 
KAF-1600 1024 x 1536 chip. The setup yields a 19' x 28' FOV, 
with I'.'O/pixel resolution. The 1-m RCC telescope was used with 
two cameras. In 1998 a camera constructed by Wright Instruments 
was attached to the Cassegrain focus. This device contains an EEV 
CCD05-20 800 x 1200 chip that corresponds to a 4' x 6' FOV with 
O'.'35/pixel resolution. In 1999 a Photometries camera was used. Its 
basic parameters are: Thomson 7896M Ikx Ik chip, 5' x 5' FOV 
with 0'.'29 resolution. For th e calibration p rocess of the cameras 
and other technical details see lBakosH200(X . Standard Johnson BV 
and Rron-Cousins /c filters were used for all observations. From 
now on the band-index C is generally omitted. 

The total number of images are 521 in V, 226 in B and 384 in /. 
Sky flats (or alternatively dome flats) were taken as main calibration 
images. Each night some bias frames (5-50) and dark images (with 
3-5 minutes exposure times) were also taken. 

The relative positions for the fields-of-view and the cluster for 
previous studies and this work are shown in Fig.Q The FOV of our 
frames allowed us to get light curves from almost all variables of 
the cluster. The nomenclature of variables used here are the same 
as in the Gene ral Catalogue of Variable Stars in Globular Clusters 
iciement et all200lL - hereafter The Catalogue). 

2.2 Data reduction & photometry 

We used the IRAF/CCDRED^ package for the standard reduction 
procedures: bias, dark and flat field correction. Other corrections 
(e.g. deferred charge, non-linearity) were also investigated, but they 
were found to be unjustified to apply. 

^ IRAF is distributed by the NOAO, operated by the Association of Univer- 
sities for Research in Astronomy Inc., under contract with the NSF. 



Table 1. Log of the observations of M3. 



Date Filter / Exp. time [sec] No. 

[JD-2400000] Schmidt RCC 



50893 




y/300 










22 


50894 




y/300 










35 


50896 




y/300 




7?/300 


y/300 


7/180 


54 


50897 




y/300 






y/240 


7/180 


67 


50898 










y/240 


7/180 


27 


50941 








B/300 


y/240 


7/180 


51 


50942 








B/300 


y/240 


7/180 


56 


50943 


B/300 


y/240 


7/180 


B/300 


y/240 


7/180 


135 


50944 


B/300 


y/180 


7/80 


B/300 


y/240 


7/180 


117 


50960 


B/300 


y/240 


7/180 








36 


50961 


B/300 


y/240 


7/180 








60 


50970 


B/300 


y/240 


7/180 








46 


50971 


B/lOO 


y/80 


7/60 








51* 


50972 


B/lOO 


y/80 


7/60 








31* 


51256 








B/240 


y/180 


7/180 


75 


51257 










y/180 


7/180 


50 


51259 










y/180 


7/180 


37 


51262 










y/240 


7/240 


78 


51283 








S/240 


y/180 


7/180 


69 



* Three images were combined for each data point. 

The brightness of stars were determined first by using the aper- 
ture photometry task DAOPHOT/PHOT of iRAF. This method pro- 
vides robust flux estimates with small errors for isolated stars, and 
were used for variables that lie in the outer parts of Schmidt frames 
{method A). 



2.2.1 Image subtraction photometry 

In the case of variable star photo metry on globular clusters the 
Image Subtraction Method (ISM) ( Alard & Lupton 1998, AlarJ 
[2000 is more efficient and ac curate than the traditional PSF fit- 
ting metho ds, such as DO PHOT iSchechter. Mateo & Sahall993h or 
DAOPHOT ^Stetsonlfl987^ : more variable stars can be measured in 
the dense regions, and the r.m.s. of the light curves is also sig- 
nificantly better. We used different versions of the Alard's Isis 
software package^ as an implementation of ISM. In practice, the 
program was run several times by varying the most important 
parameters (nstamps_x, nstamps_Y, half _mesh_size, 
half _stamp_size, saturation, deg_spatial) to ob- 
tain optimal subtractions. Fig.|2|demonstrates the effectiveness of 
the method by showing an original and a subtracted frame. 

Different versions of Isis occasionally resulted in bad pho- 
tometry for several stars. Typical errors were: apparent hump(s) 
in the light curve, smaller amplitude than expected (amplitude er- 
rors), or unexpectedly high r.m.s. To check on these problems the 
Iraf/PHOT task has been run on the subtracted images. Fortu- 
nately, this simple trick has solved almost all trouble. Hence this 
type of photometry was also used alternatively. 

The ISM method gives differential fluxes of objects with re- 
spect to their fluxes measured on the reference frame. For the in- 
strumental magnitudes we need to determine the magnitudes and 
fluxes for each variable in the reference frames as accurately as 
possible. To get these zero points, we performed PSF photometry 



^ Available via |http://www.iap.tr/users/alard/package.html| 
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Figure 2. A typical result of the subtraction process applying the ISM method. The left panel shows the most crowded central part of a V frame of the Schmidt 
telescope, and the right panel shows the same area after subtraction. It is easy to identify the variables (white and black spots depending on whether they are 
brighter or fainter compared to the reference image). The other stars practically disappeared, except for few saturated ones. 



using IRAF/DAOPHOT with variable PSF for the photometric ref- 
erence images (one for each colour and camera). The problems of 
the tra nsformation t o magnitude scale have been discussed else- 
where iBenkol200ll> . The zero-points were derived from either the 
RCC telescope's data {method R, in case the star was within the 
RCC field boundaries) or from the Schmidt frames, when it was 
not measured by RCC telescope (method S). 

In the case of variables that are both on the RCC and Schmidt 
frames, RCC telescope data were used as a reference and the 
Schmidt telescope data were transformed to the RCC. In order to 
compute the proper zero point values the two light curves were 
cross-correlated by a 2D Kolmogorov-Smimov algorithm (see 
|PressetalJl99l . For stars with variable light curve (e.g. Blazhko 
effect, RRd type) light curve parts of simultaneous nights (1998 
May 9 & 10) were used. 

The three type of photometries (A, R, S) were tested whether 
they give homogeneous results or not. Our average magnitudes (see 
Sec. 13.1.21 were cross-correlated with CCOl's ones for the stars in 
common. For a given colour all three methods yielded the same 
linear correlation: parameters of the least-squares fits agree within 
the regression error. 



Table 2. The determined telescope constants. Coefficients are defined by 
Eq.[3 The errors are the l-cr of the linear least-square fits. 



System 


e 




i 


RCC '98 


0.003 ± 0.01 


0.202 ±0.01 


-0.040 ±0.02 


Schmidt '98 


0.008 ± 0.07 


-0.080 ±0.08 


-0.016 ± 0.06 


RCC '99 


0.004 ±0.02 


0.046 ± 0.02 


-0.038 ± 0.03 



where the designations are the usual: B, V, I are the transformed 
and m„, mt, rrii are the instrumental magnitudes, fc's are the ex- 
tinction coefficients, and X is the air mass, e, /x, i are the telescope 
constants and ^s are the zero points. The telescope constants for 
the reference images have been determined by linear least-square 
fitting. 

As the telescope constant e in all cases turned out to be zero 
within the error all coefficients were calculated with the value of 
e = 0. The obtained values are shown in the Table|2| Typical error 
of an individual measurement is between 0.01 - 0.02 mag in the 
bands V and / and 0.03 - 0.04 mag in B. 



2.2.2 Transformation into the standard system 

The instrumental magnitudes were transformed into the BVlc 
Johnson-Cous ins system. The standard sequence published by 
IStetsonlj2000l> was used as a source of standard magnitudes. Stars 
that are not well separated in our frames have been omitted from 
these data sets. Even so, dozens of standards remained for all bands. 
Let us consider the colour equations as 

V = m^-k'vX + e(B-V)+iv, 

B = rrib-k'BX + n{B -V)+iB, (1) 
/ = m,-k'iX + i{V-I)+^i, 



3 ANALYSIS AND RESULTS 
3.1 Parameters of the light curves 

We are presenting data here on 238 variable stars, three of them are 
new discoveries. The light curves of V266 are given for the first 
time. The construction of our observational database^ is simple: 
each star has three separate files including the heliocentric Julian 
date (HJD) and magnitudes in the Johnson-Cousins reference B, V 
and /, respectively. 



^ Available via |http://www.koiikoly.hu/stafl/benko/pub.html| 
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Table 3. Non- variable stars with variable ID in the Catalogue. 



ID 


B 


V 


I 


2 




i J. 1 oy 


14 143 


98 


15.387 


15.593 


13.327 


102 


16.121 


15.674 


14.986 


103 


16.565 


15.930 


15.026 


153 


14.562 


13.574 


12.307 


164 


14.730 


13.818 


12.633 


169 


15.273 


14.864 


13.641 


182 


15.967 


15.454 


14.726 


204 


15.948 


15.877 


15.042 


227 


15.995 


15.469 


14.769 


228 


16.016 


15.630 


15.084 


231 


16.074 


16.000 


15.851 


232 


15.950 


15.852 


15.885 


233 


16.224 


15.935 


14.680 




:4 .6 .S 1 

P, [days] 



Figure 3. Histogram of fundamentalized periods (Pf) of M3 RR Lyrae 
vaiiable stars. Shaded bars show modulated (Blazhko type) variables which 
are mostly responsible for peaked distribution. 



3.1.1 Periods 

Each variable star was analyzed to find its period by using a pe- 
riod search on the V data. Discrete Fourier Transformation was 
applied by using the facilities of the program package MUFRAN 
(Kollath 199 0) or a Phase Dispersion Minimization (IRAF/PDM, 
Istellingwerlll97l depending on the time distribution of collected 
data. Periods of the literature were accepted where the newly deter- 
mined periods do not differ significantly from the old ones. The V 
phase diagrams are shown in Fig.|5| 



In the period search, outlier data points were omitted from 
the light curves manually. Generally, those isolated points were re- 
jected that deviated by more than 3o- from the fitted curve. In some 
cases, when a variable is lying near to a bright star, complete nights 
have to be excluded if the neighbouring bright star was saturated 
and therefore the ISM did not work well. 

In the fi gure ID we show "fundam entalized" period (for 
definition see Ivan Albada & BakeJ Il973h distribution from our 
(re)calculated periods. The peaked period dis tributi on of M3 
was already obvious in figur e of lOosterhoft il9 3St) but only 
ICastellani & Tom amb^ mW) and Rood^&CrocteJ^|l98i) re- 
vealed that it is an evidence of peculiar distribution of stars within 
the instability strip. Catelan ( 2004) has reached the conclusion that 
this peaked period distribution might pose troubles for conven- 
tional stellar evolution theory. Assum i ng a bimodal mass distri- 
bution lCastellani. Castellani & Cassisil i200^ obtained reasonable 
agreement between standard evolutionary model and observed pe- 
riod distribution. Therefore they do not believe in serious problems 
in connection with canonical models and rather prefer Catelan's 
suggestion: "M3 might be a pathological case that cannot be con- 
sidered representative of the Oosterhoff I class". Although the evo- 
lutionary theory is beyond the scope of this paper we add further 
argument to latter statement in Sec. 13.3.21 

3.1.2 Average brightnesses 

Following this, a least-square fit of a Fourier sum containing 5-15 
sine terms was calculated. 

Mean magnitudes were derived by averaging over the pulsa- 
tion cycle of these fitted light curves both in intensity (then con- 
verted back to magnitude) and magnitude scales. Throughout this 
paper, the magnitude-averaged mean brightness is denoted by B, 
V and /, and {B), {V) and (J) symbols indicate intensity means. 

This process, however, might result in erroneous values for 
RR Lyrae stars with Blazhko effect because Blazhko cycles have 
no c omplete coverage. In vestigating Blazhko type RR Lyrae in 
LMC lAlcock et ah ( 2003) have concluded that the average bright- 
nesses varied by less than 0.006 mag over the whole Blazhko cycle. 
Therefore, using some subsequent nights' observations, well cov- 
ered phase diagrams had been constructed for each Blazhko type 
RR Lyrae star, and then the average brightnesses were calculated 
from these phase diagrams. For about a dozen stars there was more 
than one possibility to make a good phase diagram. In these cases 
the average magnitudes were calculated from each diagram sepa- 
rately. By comparing the mean magnitudes of the same star at dif- 
ferent Blazhko phases we found that the values are the same within 
0.01 mag. 

3.1.3 Classification 

We measured 226 variable stars classified as RR Lyraes, 169 out 
of these turned out to be fundamental mode pulsators (RRab) and 
48 to be first overtone pulsators (RRc). Nine variables have been 
found to pulsate in two modes simultaneously (RRd). We have 
found 64 amplitude and/or phase modulated (Blazhko effect) stars 
among RRab-s and 2 among RRc-s. The incidence rates of Blazhko 
variables are 36.7 and 4.2 per cent for RRab and RRc stars, re- 
spectively. The rate of modulated RRc variable stars is in good 
agreement with the value s 4-6 per c ent given by all different 
studies on large survevs jAlcock et alj|20 00. Moskalik & PorettJ 
l2003llSoszvnski et all2003h . Our rate, calculated from RRab stars 
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Table 5. Errata of the positions o fI Clement et'ZI 1200 ll) . position of new 
variables and non-variable stars found in the instability strip 



ID 


a(2000) 


<5(2000) 


type 




[h.m.s] 


[o : / : //] 




V238 


13:42:15.75 


28:18:17.2 


EW 


V239 


13:42:09.87 


28:22:15.9 


RRab 


V240 


13:42:09.46 


28:22:35.3 


RRc 


Nl = NV291 


13:42:18.06 


28:22:40.1 


SXPhe 


N2 


13:42:12.41 


28:22:34.4 


RRc 


N3 = NV292 


13:42:11.17 


28:21:54.1 


RRc 


V250n 


13:42:10.48 


28:22:52.9 


RRab 


V250s 


13:42:10.54 


28:22:52.1 


RRab 


V270n 


13:42:11.95 


28:23:32.7 


RRab 


V270s 


13:42:11.96 


28:23:31.9 


RRab 


vZ525 


13:42:07.70 


28:21:52.9 






13:42:12.64 


28:22:11.4 






13:42:01.85 


28:22:36.1 






13:42:10.46 


28:22:47.4 





out to be non-variable. We summarized our observations on these 
constant stars in Table|3| It has to be mentioned that even the newest 
on-line version of The Catalogue^ contains position errors. The col- 
umn declination must have been shifted accidentally by one line at 
the variables V238, so the declinations of V238, V239 are wrong. 
In the Table|5|the correct positions are repeated to avoid any further 
confusion. 



Figure 4. Finding charts for non-catalogued variables. Boxes are 15" in 
width. North is up, East is to the left. 

agrees well with that of iMoskalik & Porettil i2003h as determined 
from the OGLE I data of the Galactic bulge. Measurements in 
LMC resulted in a much lower rates: 11.9 per cent from MACHO 
data (Alcocketal. 20 03) and 15 per cent from OGLE II survey 
iSoszviiski et alj2003l) . respectively. 



3.1.4 Catalogue of variables 

Basic parameters of the light curves are summarized in Table |4] 
In column 1 the ID comes from The Catalogue. Column 2 shows 
the pulsation period, column 3 the type of variability, columns 4- 
-9 the magnitude and intensity averages. Column 10 reference let- 
ters indicate the type of magnitude transformation: 'A', 'S' and 'R' 
(see Sec. l2.2l for the details). In the last column comment 'Bl' in- 
dicates Blazhko type variability, 'm' merging with nearby variable 
or a saturated bright star and 'c' extra comments in the text. The 
second (non-dominant) period of double mode RR Lyrae is also 
shown in this column. When our data have no complete phase cov- 
erage, the average brightnesses were derived by using all published 
data shifted to our ones. Comment 'a' refers to this. The colon at 
an average magnitude indicates noisy or gappy light curve and at 
a reference letter it means a doubtful zero point of the magnitude 
transformation. 

Numerous stars can be found in The Catalogue, which turned 



3.2 New variable stars 

During our preliminary data processing six new variable stars have 
been discovered and published elsewhere (Bakos et al. 200C). We 
searched for additional new variable stars in 'variability images' 
prepared by Isis. Scanning these images three additional new vari- 
ables have been identified. They are designed as NI, N2 and N3 
(for finding charts see Fig. |4}. To verify their positions and light 
curve parameters turned out that Nl and N3 are the same stars as 
N V29I and NV292, re spectively in the meantime published study 
of lHartman e'tai]j2005f) . The colour indices, period and light curve 
shapes suggest that N2 is a new RRc type star. 

When the images of two (or more) variable stars are blended 
their light curves became confusing. This was the situation in the 
case of the light curves of V250 and V270 (see Fig. |5j, albeit no 
close companions were known to them. By inspecting the sub- 
tracted images we have found several ones in both cases in which 
two close variable stars can be separated. The blended light curves 
suggest that in both cases two RRab stars are merged. We have split 
their notations into two as V250n, V250s and V270n, V270s as in 
the similar situation of V4. Positions of all new variable stars are 
given in Table|5| and finding charts in the Fig.|4| 

After the appearance of the latest version of The Catalogue 
some suspected new variables were reported in S02. We scanned 
our images to confirm their discoveries, but it was not successful in 
any cases. 
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Figure 5. The V phase diagrams of the measured variables. This figure is pubhshed in its entirety in the electronic edition of this journal 
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Figure 5. (continued) 
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Table 4. The basic parameters of the variables in M3. TableBlis published in its entirety in the electronic edition of this journal 



ID 


Period 


Type 


B 


{B) 


V 




/ 


{I) 


Rcffl.v',/ 


Comm. 


\ 


w — 1 zxi jiy\i J 


RRab 


16 004 


15 900 


15 688 


15 631 


15 248 


15 227 


R R R 


3 


3 


W.J JO ly 1 y 


RRab 


15 939 


15 857 


15 661 


15 612 


15 175 


15 155 


R R R 


Bl 3 


4n 


0.585029 


RRab 














RRR 


c 


4s 


0.593069 


RRab 














RRR 


c 


5 


0.505703 


RRab 


15.986 


15.974 


15.725 


15.714 


15.243: 


15.238: 


AAS 


Bl,c 


6 


0.5143327 


RRab 


16.083 


16.003 


15.755 


15.703 


15.294 


15.276 


RRR 


1 


7 


0.4974248 


RRab 


15.980 


15.889 


15.694 


15.638 


15.248 


15.230 


RRR 


Bl,2 


8 


0.636728 


RRab 


15.808 


15.787 


15.649 


15.634 


14.902 


14.898 


R: R: R: 


3 


9 


0.5415553 


RRab 


16.031 


15.957 


15.689 


15.645 


15.233 


15.217 


AAS 


2 


10 


0.5695465 


RRab 


16.057 


16.004 


15.684 


15.647 


15.162 


15.152 


S S S 


Bl,2,c 


11 


0.5078915 


RRab 


15.993 


15.873 


15.706 


15.636 


15.188 


15.166 


S S S 


3 


12 


0.3179347 


RRc 


15.840 


15.814 


15.621 


15.606 


15.281 


15.275 


RRR 




13 


0.4795043 


RRd 


15.931 


15.917 


15.691 


15.684 


15.243 


15.239 


RRR 


Pi = 0.351579 


14 


0.6359002 


RRab 


15.914 


15.867 


15.581 


15.551 


15.059 


15.050 


RRR 


Bl,4 


15 


0.5300874 


RRab 


15.919 


15.833 


15.667 


15.616 


15.159 


15.144 


AAA 


3 



15.5 



1 1 1 j 1 1 I 


A ^ 

1 ! j 1 j 1 


— * J i i 

1 1 1 1 1 1 1 


1 , , 1 1 


■ : • 

1 1 t 1 1 1 1 


V 

1 1 t 1 1 1 



■S. A -A .6 

<B> - <V> [ma^] <V> -<\> [mag] 



Figure 6. Correlations among colours and color-indices of single mode RRab stars in M3. Yellow times crosses, red dots, blue open squares and filled blue 
squares denote the same luminosity/evolutionary subgroups as separated bv .Jurcsik et al.. (.2003.) among RRab variables. 
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Figure 7. Criterion value in the function of the number of clusters deter- 
mined by cluster analysis of CMDs. Different observational sets and CMDs 
are encoded by line and dot styles mentioned in the figure. The cut-off 
points of functions suggest three or four intensity groups. 



Table 6. Connections bet ween the found clus ters by cluster analysis and 
intensity groups defined bv ljurcsik et alJ J2003I) in the CMDs assuming dif- 
ferent number of groups/clusters. 



group ID^ 




No. stars 




CMD type 




group2 


cluster 


common 




1-1-2-1-3 


76 


76 


75 


m-{v)\m) 


1-1-2 


57 


59 


55 




3 


19 


17 


14 




4 


14 


14 


13 




1-1-2-1-3 


73 


72 


69 


m-miv)) 


1-H2 


53 


54 


48 




3 


20 


18 


10 




4 


13 


14 


10 




1-H2-H3 


73 


62 


57 


m-{imi)) 


1-1-2 


53 


49 


47 




3 


20 


13 


10 




4 


13 


24 


8 




1-1-2-1-3 


76 


67 


51 


m ^ {v)\m) 


1-H2 


57 


54 


42 




3 


19 


13 


9 




4 


14 


23 


8 





^The members of the groups are signed by these ID-s in TableRI 
^ The number of these stars are differ in 1-2 from the number of stars given 
bv ljurcsik et"ai] l2003ft . because we used only those stars which have good 
phase coverage from our observations themselves. 



3.3 Single mode RR Lyrae stars 

3.3.1 Mean magnitudes 

As lMarconi et alj i2003h have shown the intensity-averaged mean 
magnitudes of RR Lyrae stars are approximated well by the phys- 
ically relevant static brightness. The difference between static and 
mean magnitudes depends on the amplitude but the maximum value 

* Available at |http://www.astro.utoronto.ca/~ cclement/cat/listngc.html | 



of this correction would be only ~ 0.02 mag for the highest ampli- 
tude variable star in our sample of M3 (V148 dX Ay = 1.38 mag). 
Hence, throughout this section we investigated intensity-averaged 
mea n magnitudes without c orrections. 

ICacciari. Corwin & Ca rney 1 2005) (CC05) have compared the 
intensity-averaged magnitudes among data from CCOl, C98 and 
K98 in details. Observations in B and V bands from CCOl data were 
found significantly brighter than from C98 and a slightly brighter 
than V data from K98. We found our {V) and (B) magnitudes of 
common 92 non-modulated RR Lyrae stars to be 0.018 and 0.013 
mag fainter then those of CCOl. As CC05 pointed out the zero point 
of (/) magnitudes of C98 is too faint. On the basis of 46 RR Lyrae 
stars in common with C98 data sets the zero point shift between 
our and C98 data is —0.044 mag while CC05 estimated the zero 
point shift between standard magnitude scale and C98 one's from 
the reddening calibration formula as —0.08 mag. We performed a 
similar comparison between H05's data and ours. Data from H05 
proved to be brighter than ours for bands {V) and (J) with 0.017 
and 0.016 mag and 0.008 mag fainter in band (B). 

These differences are certainly related to the long standing 
problems of absolute calibration. 

3.3.2 Colour — magnitude diagrams 

As it is well known the colour - magnitude diagram (CMD) of 
the horizontal branch of globular clusters shows, in general, a good 
separation between variable and non-variable stars. Hence, we have 
investigated the instability strip of the horizontal branch in the 
[{B) - (V)] ((F)) and [(F) - (/)]((/)) CMDs simultaneously to 
check the completeness of variables' list. However, no additional 
variable stars have been found, but four non-variable stars seem to 
be located in the instability strip. 

To decide wh ether these stars are members of the cluster or 
not, the literature ('Cudworth| ll979l iTucholke. Scholz & Brosch3 
jl994) was looked through to get proper motions of these stars but 
unfortunately, no measurements have been found. These stars are 
most likely in the foreground. But if any of them proved to be a 
member of the cluster, it would be a serious challenge to the pul- 
sation theory. The position of these problematic stars is given in 
Table |5] CCOl also reported eight constant stars in the instability 
strip of their B~V, V CMD, but without position, therefore, we 
could not compare them with our ones. 

The separating lines between the (B) — iy) colour for vari- 
able and non- variable stars are ~ 0.16 mag at the blue edge of the 
instability strip and ~ 0.43 mag at the red edge. The dividing line 
between the RRab and RRc variables is about 0.21 mag although 
this separation is less definite than in magnitude-averaged magni- 
tudes. The borders of the instability strip in the [(V) — (/)]((y)) 
CMD are 0.25 mag and 0.55 mag. While the dividing line between 
fundamental and overtone pulsators is about 0.35 mag. Comparing 
these values with previous studies we found that both the blue and 
red edges of our instability strip are slightly bluer than from data of 
H05, but similar to C98, CCOl. The width of instability strips are, 
how ever, the same (-^ 0. 27 mag) for all three cases. 

ljurcsik et alJ i2003l) have studied relations in (1/) mean mag- 
nitudes and light curve parameters (viz. period and Fourier coeffi- 
cients). Four subgroups were separated from non-modulated RRab 
stars according to their brightness and light curve shapes and these 
groups were interpreted as different stages of horizontal branch 
stellar evolution. The brightest group shows Oosterhoff II proper- 
ties as opposed to the other three ones. This result suggests that 
the Oosterhoff dichotomy of the Galactic globular clusters is to 
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be an evolutionary effect and M3 is not a typical Oosterhoff I 
cluster. In Table |4| these groups of RRab stars are marked with 
number 1-4 from the faintest group to the brightest one. Recently 
CC05 have questioned the existence of these four groups. They 
found a bimodal structure in the magnitude distribution: a brighter 
group at iy) = 15.52 ± 0.02 (vyhich is in the same position 
as the brightest group of ljurcsik et"Zll2003h . and a main body at 
ly) = 15.64 ±0.04. 

Through this subsection we have reanalysed those non- 
modul ated RR Lyrae stars which were selected by ljurcsik et alJ 
i2003 ^ on the basis of their good quality light curves. The [{B) — 
{V)]{{V)) and [{V) — {I)]{{V)) colour magnitude diagrams in 
Fig. |6| correspond to fig. 4 in the paper ljurcsik et alj ||2003j). The 
similar structure of figures can be clearly recognized: the four sub- 
groups of RRab stars with different brightness are lying in parallel 
strips, and the averaged periods are shifted from shorter to longer 
according to the brightness changes from the fainter to the brighter. 
The same structures appeared in all other diagrams in Fig.|6| Natu- 
rally, the parallel strips have different steepness for various colours. 
The groups in [{B) - (V>] ((/)) and [(V) - {!)] CMDs are 
less evident compared to the other ones caused most probably by 
higher scatter resulting of measurements in the three independent 
bands. 

We have examined all colour - magnitude relations with the 
cluster analysis, an efficient multivariate statistical method, to point 
out the solidity of identification of these groups. (We refer here to 
the book of Murtagh & Heck ( 1987) as an excellent introduction 
to the method.) The Ward's minimum variance method was chosen 
from the many different clustering algorithms which is generally a 
very robust process. (It should be mentioned, that the average link- 
age method has also fit well for the data and yielded very similar 
results.) The algorithm is a hierarchical type clustering which does 
not assume any prior knowledge about the number of clusters. Find- 
ing the right number of clusters is based on a horizontal "line draw" 
through the resultant hierarchy represented by a dendrogram. The 
choice of where to draw the line is derived from large changes in 
the criterion value. 

Fig. shows the criterion value - cluster number functions 
obtained from different standardized data sets where in addition 
to our data CMDs were also used from CCOl and H05 of stars 
in common with our sample. Most functions belonging to differ- 
ent data sets have a well defined cut-off point where the criterion 
value dropped. The [{B) - {V)]{{V)) ratios derived from CMDs, 
based on H05 and our data set, suggest /owr clusters. Other CMDs 
obtained from CCOl and present observations seem to segmented 
into three clusters. The cut-offs are less specific at the functions 
of H05 data because of the small number of common stars (49-59 
depending on colours). 

To investigate the connection of signed groups in Figures |6| 
[8|-|9|and groups found by the cluster analysis the star content of 
each cluster has been checked and the result are given in Table|5| a) 
When we assumed two subgroups according to CC05 and groups 
signed with 1, 2 and 3 by Jurcsiketal. (2003) were handled to- 
gether while group 4 remained separated the two clusters obtained 
from cluster analysis corresponded well to these sets both in num- 
ber of elements and star content. In the case of [{B) — {V)]({V)) 
CMD both analyses yielded 76 and 14 members clusters with 75 
and 13 overlapping of star contents, respectively. Similar connec- 
tions can be realised for the [{V) — {I)]({V)) CMD but less over- 
lapping star contents. Using elementary formulae of statistics the 
probabilities of such a connections are p — 1.17 ■ 10^^^ and 
p = 4.8 ■ 10~^^, respectively. Overlapping structures for the other 
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Figure 8. Intensity-averaged mean magnitudes of non-modulated RR Lyrae 
stars vs. period. Symbols as in Fig.|S| the purple three-prong crosses denote 
RRc variable stars. 

two CMDs are not statistically significant, b) However, our cluster 
analysis suggested at least three clusters (Fig.0. In the models with 
three sets (groups 1-1-2, 3 and 4 vs. three clusers) [{B) — {V)]({V)) 
and [{V) — (/)]((V^)) CMDs yielded again satisfactory result. The 
probability that these structural similarities are only incidental is 
very low p = 6.2 ■ 10"^^ and p = 3.4 • 10"". c) No signifi- 
cant connections were found between four groups and four clusters 
models. 

As a conclusion of this section we say that our cluster analysis 
on CMDs found the same two sets of stars as they were found on 
the basis of Bailey diagram and period distribution by CC05 and 
the same three sets which were identified by Fourier parameters in 
ljurcsik etalJj2003h . 

3.3.3 Period - brightness and period - colour relations 

In the panels of Figure |8| the magnitudes vs. period are plotted 
where the four above discussed luminosity groups are indicated 
with the same symbols as in Figure |6| The highest scatter of plot 
P{{B)) is originated probably not only on account of the higher 
noise level of observations, but due to the fact that the effects of lu- 
minosity and temperature variations upon the expected periods are 
almost orthogonal in this plane (see Catelan, Pritzl & Smith 200^1). 

In the panels of Fig.|8|RRab and RRc stars are well separated, 
except for four variables: V70, VI 29, VI 70 and V26I. Most likely, 
these variables belong to a distinct group on the basis of their com- 
mon properties. They have asymmetric light curves with amplitude 
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Figure 9. Colour indices vs. p eriod. The lines indica te the predicted edges 
of instability strip taken from lMarconi et all l2003h at the mixing length 
parameter of 1.5. Other symbols are as in Fig.lsl 



between RRab and RRc variables. Their periods are also between 
those of the two groups and mean brightnesses for all filters are 
higher than the other RR Lyrae stars at a given period. V70, V85, 
V129, V170 and V177 have been characterized by CC05 as "long 
P / overluminous" stars. H05 and present data show V85 and V177 
to be regular RRc stars. 

A definite correlation can be seen between period and mag- 
nitude (J) of RRab stars. Applying a linear least-square fit for 76 
non-modulated RRab variables, we have found 



(J) = -1.453 log P+ 14.828, 



(2) 



with rms = 0.04 mag. To our best knowledge the work of 
[Layden & Saraiedini (2003) was the first paper in which a period- 
luminosity type relation was derived in t he I band for the RR 
Lyrae stars in NGC3201. Jritzl et aljliool discussed this relation 
in the case of the globular cluster NGC6441. ICatelan et alj <2004 
demonstrated that this type of relations must exist. They plotted 
period-luminosity type graphs in standard UBVRIJHK photo- 
metric bands, for some different metallicities and horizontal branch 
morphologies (evolutionary states) based on synthetic horizontal 
branch c alculations. Fig.|5|is qualitatively similar to figs 6-9 in the 
paper of lCatelan et alJ ( [2004h . In addition, we derived the period- 
luminosity relation for M3 with the formula given by Catelan et aL 
i2004h accepting the parameters Lee-Zinn type horizontal morphol- 
ogy index and metallicity as 0.282 and Z — 0.001, respectively. 
The result is Mj = —1.644 log P — 0.234 which is also close to 
the observed relation Eq. J2j- 



Table 7. Estimated modulation periods Pm of RR Lyrae stars with Blazhko 
effect. The sources of used data and total number of observed nights are 
also indicated. The slight phase modulations are noted by 'phase' in column 
remark. 



ID 


No. 


ref. 


p 

^ m 




nights 




[day] 


V66 


59 


1,2,3,4 


56.24 


V67 


59 


1,2,3,4 


80.94 


VIO 


52 


1,2,3,4 


124.78 


V43 


51 


1,2,4 


73.54 


V78 


51 


1,2,4 


38.65 


V121 


51 


1,2,4 


64.37 


V104 


50 


2,3,4 


63.78 


V59 


43 


2,3,4 


62.14 


V63 


43 


2,3,4 


44.91 


VlOl 


41 


2,4 


91.15 


VllO 


41 


1,2 


45.66 


V7 


40 


2,4 


61.9: 


V47 


40 


1,2 


212.06 



remark 



phase 



phase 



l. lCarretta et'Zlll998ft. 2 . ICorwin & CameyH200ll) . 3. lKaluznv etall 
il998h .4 lH^tom^^^l200^) 



We have to mention that no clear correlations can be identified 
for RRc variable stars in contrast to RRab ones. However, convert- 
ing the periods of RRc variables to their fundamental mode equiva- 
lents (Pf) RRc stars fit well to the period - (/) relationship extend- 
ing it to shorter periods. What is more, fundamentalized periods of 
overtone pulsators define the same relation within the fitting error 
(r-ms = 0.07 mag) as Eq. 0}: (■''> = -1.486 log Pf + 14.748. The 
range of period for the RRc stars is smaller than for RRab, so the 
relation between period and (/) is naturally less evident and noisier 
than from RRab stars but it is even so significant. 

In Figure|9|the log P - colour relations are plotted. To harmo- 
nize CCOl data with the theoretical models iMarconi et alJ i2003l) 
assumed an increasing in the mixing-length parameter from 1.5 to 

2.0 from the blue edge to the red one. In the upper panel of the 
Fig. |9| the predicted edges of the instability strip at the mixing- 
length parameter 1/JYp = 1.5 (taken from the paper lMarconi et all 
2003) are also shown. On the basis of our data also an increasing 
mixing-length parameter seems to be adequate but varying form ~ 

1.1 to ~ 1.5. Considering interstellar reddening the situation does 
not change much because the reddening is E{B—V) = O.OliO.Ol 
for M3 obtained by different methods (for a review see CC05). 



3.4 Variable stars with Blazhko effects 

The amplitude and /or phase modu lation of several RR Lyrae stars 
was discovered bv lBlazhko 1 1907), b ut the correct explanation of 
the effect is still missing (see Dziembowski & Mizerskill2004l for 
present situation). Since M3 contains the highest number (~ 70) 
of RR Lyrae stars in one cluster showing Blazhko effect, this offers 
a unique opportunity to investigate this interesting phenomenon. 
Unfortunately, the typical accuracy of the earlier photographic ob- 
servations (see for a review and co mplete references SzeidL1963. 
1973, Kukarkin & Kukarki ii3ll96lL 1970,^elty \9%% were inad- 
equate to studying the Blazhko effect in details. A basic parameter 
such as the per iod of the Blazhko cycle was determined only for 
one star (V5 bv lPanov 1980). On the other hand, high quality CCD 
observations are badly sampled and they typically consist of about 
a dozen of nights spreading over 1-3 years. 

Studies based on the large surveys (MACHO: lAlcock et alJ 
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Figure 10. An example for Blazhko period finding. Figures for all stars in Table 171 are available in electronic form. Combined V light curve folded with 
the best pulsation period (top right). Fourier amplitude spectrum of combined data ai'ound the strongest peak signed by /o (top left). Residual spectrum of 
prewhitened data with fc/o, A; = 1, . . . , 10, where the /o ± fm frequencies are noted by arrows (middle left). Light curve folded with modulation period 
(middle right). Data distribution (bottom right), where the symbols denote sources viz. triangles: C98, open circles: CCOl, stars: K98, crosses: H05, dots: this 
work. The spectral window is shifted to /o in the same scale as the above amplitude spectra (bottom left). 



I2OOOI 2003 and OGLE: iMoskalik & Porettil l2003h distinguish 
among different type of modulations based on the structure of the 
Fourier spectrum of stars. As Jurcsik et al. (2005a,b) have ex- 
pressed this classification likely resulted in too many subtypes. The 
classical BL-type (frequency triplet with two equidistant, side lobes 
around the main frequency) and type v\ (frequency doublet) may 
differ only in their data distributions: sampling, S/N ratio. Since 
the number and time coverage of our data are rather limited these 
subtypes were not separated and both are called as Blazhko modu- 
lation. 

The light curves of all observed RR Lyrae stars were searched 
for modulation. Revising the literature from point of view of 
Blazhko behaviour some controversial cases were found. In the 
cases of VIO, V22, V54, V44, V140 and V218 the Blazhko mod- 
ulation was verified. In the case of V18 we cannot detect any light 
curve variations on the basis of all CCD observations in contrast 
to earlier photographic studies. In addition, we found evident light 
curve changes for V104, V168, V172, V191 and V21 1 for the first 
time. Details of individual stars are discussed in Sec. 13. 61 

Our technique for obtaining average brightnesses of Blazhko 
stars is described in Sec. 13.1.21 The distributions of Blazhko type 
RR Lyrae in the period - luminosity diagrams are similar to the 
non-modulated variables, but their nu mbers are significant ly less at 
longer periods (higher brightnesses). lAlcock et alj i2003h found a 
similar effect in the case of LMC variables and CC05 demonstrated 
it in the case of M3 as well. 



3. 4. 1 Search for Blazhko period 

The period of Blazhko cycle is an important parameter of these 
stars. Since the typical modulation period is about 10-500 days 
jSmitlJll995h . it cannot be determined from a data set optimized 
to pulsation cycles of RR Lyrae stars. To determine Blazhko period 
all CCD V data of all modulated RR Lyrae stars in the cluster were 
collected. In preparing homogeneous data sets we had to take into 
account the zero poin t shifts among differ ent photometries which 
differ from star to star. ! Jurcsik et alJi2005ah have demonstrated that 
the light curve changes are concentrated in a narrow phase interval 
(~ 0.2) of pulsation: 0.4 - 0.6, if maximum is at 0.5. We con- 
firmed this result for all RR Lyrae stars in M3 with pure amplitude 
modulation. The residual phase diagrams folded with pulsation pe- 
riod after prewhitening with the mean pulsation light curves clearly 
showed the narrow range of variability. Strong phase modulation, 
however, removed the effect. 

Applying this result we prepared phase diagrams for each 
Blazhko type star from each pair of data sets containing the present 
and one of the published data sets. Phase diagrams were divided 
into 10-15 bins, then the average of standard deviations of the bins 
(ASDB) was calculated so that bins around the maximum phase 
were omitted. We searched for the minimum of the ASDB while 
data set taken from the literature was shifted by 0.01 mag at each 
iteration. The shifting value at the minimum of the ASDB yielded 
the proper zero point to combine a given pair of data sets. The pro- 
cess was carried out for each star and pair of data sets. 

Figure 1101 demonstrate the process of modulation period 
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search. The spectra were computed by discr ete Four i er algo rithm 
included in MUFRAN program package by iKollathI il990l) . The 
combined data were Fourier analyzed to refine the pulsation fre- 
quency. The prewhitened spectrum (with the pulsation frequency 
and its harmonics) was searched to find close frequenci(es) to the 
main one. To verify the estimated modulation frequency window 
spectrum was compared with the spectrum of data and light curve 
folded with modulation period was also prepared. 

The results of this period search are shown in Table|7| For 13 
variable stars a more or less established value of modulation period 
has been found for the first time. Length, distribution and/or quality 
of data of other stars were not sufficient for finding a modulation 
period. Let us mention here that just four stars (VIO, V34, V66, 
V67) are included in all published CCD surveys (C98, K98, CCOl, 
H05 and present work)! Only 37 stars were observed at least in 40 
nights by CCD which amount of observations proved to be nec- 
essary to estimate a Blazhko period. The found periods are within 
the normal range of Blazhk o cycles and far below the borderline of 
limit periods discovered bv ljurcsik et alJilOOSlJl . 

Some words about modulated overtone pulsators V140 and 
V168. There were found frequency triplets/doublets at numerous 
RRc stars in different globular clusters (Olech et al. 1999a,b, 2001, 
IWalke r"l994'. "Clem ent & Row^bOOOl) . but no previous studies re- 
ported modulated RRc stars in the case of M3. As it was stressed 
above combining of different photometries works properly only 
for pure amplitude modulation. V140 and V168 have strong phase 
modulations and their amplitude changes are only marginal so their 
different photometric data sets had to be analyzed separately. In the 
Fourier spectrum of prewhitened data of V 140 two peaks and their 
harmonics appeared equidistantly from the main frequency and its 
harmonics respectively, indicating a modulation period about 9 ~ 
14 days. However, consistent period could not be found. In con- 
trast to VI 40 the residual spectrum of VI 68 shows only one peak 
and its harmonics at /i — 3.4754158 day~^. If we interpret it as 
/i = /o — fm modulation frequency the Blazhko cycle would be 
6.743 days. An alternative explanation for the peak is excitation of 
a non-radial mode as it was discussed by Olech et al. (1999a,b). 

3.5 Double mode RR Lyrae stars 

Presently 74 galactic globular cl usters are known containing RR 
Lyrae stars <Clementetai]l200lh . About 3 per cent of the total 
number of ~ 2000 cluster RR Lyrae stars are double mode (RRd) 
pulsators. Their distribution among clusters is, however, highly 
non-uniform: only six clusters (NGC2419, M68, M3, IC4499, 
NGC6426 and M15) contain at least one RRd stars. The richest 
clusters in double mode RR Lyrae stars are M68 (12 RRd, 29 per 
cent), M15 (17 RRd, 19 per cent) and IC4499 (17 RRd, 18 per 
cent). The rate of RRd stars of M3 (9 RRd, 3 per cent) does not 
exceed the averaged rate. But it is still noteworthy since we know 
clusters overall rich in RR Lyrae stars but no RRd stars were de- 
tected in them (e.g. uj Cen, M62, M 5). 

A series of studies (Nemec ^^lgnien^^89|JciementrtalJ 
1 19971 fcorwin. Carney & Allerj 1 19991 IClementini et alj |2004| 
(CC04), and further references therein) revealed double mode RR 
Lyrae content of M3. In these studies eight stars were identified as 
RRd variable: V13, V68, V79, V87, V99, V166, V200 and V251. 
[llartman et al. (2005) have suggested additional four double mode 
candidates: V252, V253, V270 and NV290. They stressed that the 
multi-periodic behaviour of these stars were determined by eye 
without systematic search so we have investigated light curves 
and Fourier spectra of the first three candidates. V252 proved 
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Figure 12. Fourier amplitude .spectra for the RRd variable V252. The fre- 
quency searching is demonstrated step by step from top to bottom panels. 



to be an RRd variable indeed (see the following section). As it 
was mentioned before, the strange brightness variation of V270 is 
caused by two overlapping RR Lyrae stars and V253 seems to be a 
normal RRc star. 



3.5. 1 V252 as a new RRd star 

From our light curves it turned out that V252 shows double mode 
behaviour. The uppermost panel in Fig. ll2| presents the amplitude 
spectrum of the V data. The next panel shows the spectrum after 
prewhitening with the dominant frequency /i = 2.97628 day^^ 
and its six harmonics. The third panel is a plot of the prewhitened 
spectrum with /o = 2.208528 day~^ and its seven harmonics. 
In this spectrum the linear combinations of the two radial modes 
/i + fo can clearly be identified and we get the fourth spectrum 
after that we whitened out with it. The /i — fo linear combination 
is much less significant than fi+fo in the previous spectrum, how- 
ever, considering this odds the r.m.s. of the least square fitted light 
curve has been improved well. The lowest panel shows the final 
whitened spectrum. No additional peak can be recognized. Fig. 1111 
was obtained so that the light curve was fitted simultaneously by all 
frequencies obtained from the above process. The la error of the fit 
is 0.04 mag which is slightly larger than the intrinsic observational 
error indicating other linear combinations and/or higher harmonics 
in the data. Because of their low amplitude it is impossible to find 
them from these data. 



14 J.M. Benko et al. 



: \ 

mi^ jirafl ms.y 


V 

BHa Bh.'h dht 


"v. 

-I-J-Ui—L 

Bna BB,? Bip7 


1 , L 1 . 1 

BT^ M7.P ny.T 




.1... I - J. . ..... 

HI. -4 HI. 9 H 


A 

t ,....1. .L„b.. 






■ T , I , 1 


r 

1,1,1 


1,1.1, 


1,1.1, 


\ 

1,1.1 


. , 1 . [ 


, r . 1 . 


,1,1,1 


1,1,1 



V 



gDM m.9 (BI.D Dma yrp.-^ pTiu .ffTi.a dtm p7i.9. ffTc,3 qts^ [rE.9 -mu ia9i9 i,si.d is7q 1^.41^.711 ipsL9 lau lo^/i lau- moa i,pi4' isms iq^b 



HJD- 2450000 [day] 



Figure 11. Observed and fitted V light curve of the new RRd variable V252. Each night was plotted on the same size of time interval. 



3.5.2 Period and period ratios 



The periods of all measured double-mode variables were deter- 
mined as it was described for V252 (see Tab.|4|for the values). The 
periods determined by us are generally in good agreement with the 
values given by CC04. The period of fundamental mode (Po) of 
V79 started to decrease drast ically in the middle of the last century 
iClement & Goranskiil 19971) and we found it still decreasing. The 
collected data from the two recently recognized RRd stars V200 
and V251 allowed us to specify their periods. The new periods and 
period ratio of V200 have placed it among the 'normal' double- 
mode RR Lyrae stars as opposed to the work of CC04. However, 
the Petersen diagram of the cluster in Fig. 1131 shows that V13 is 
very far from all other RRd stars. What is more, V13 has the small- 
est period ratio 0.734) known among double mode RR Lyrae 
stars. The period of V13 has been decreasing dramatically: it was 
Pq = 0.4830311 d in the 60s (calculated from the data of lSzeid< 
1 19651) and it is now Pq = 0.4795043 d. Both facts are alluding 
to strong evolutionary effects. V13 is maybe a 'transient' double- 
mode pulsator an d not a 'stable' one (for definition of terms see 
ISzabo et all2'004l) . 



3.5.3 Sudden changes in modal contents 

Concerning its double mode pulsators M3 seems to be unusual. The 
cluster is unique among the galactic globular clusters in that it has 
RRd variable stars with a dominant fundamental mode: V13, V166 
and V251. Only very few RRd variables are presently known to 
have a dominant fundamen tal mode, and they aU are field varia bles: 
AQ Leo, NSVS 5222076 I'Oaster. Smith & Kinemuchill200d) and 
some stars in the LMC I Alcock et al. 200^. 

M3 is so far the only cluster in which RRd stars have 
been observed to switch from one dominant mode to another 
while remaining RRd type variables. Variations in the double- 
mode behaviour were observed in a number of RRd variable 
stars I. Jerzykiew ic z , Schult & Weiizel 1982, Jurcsik & Barlai 1 990l 
IClement. Ferance & S imon 199^ 1997. |Purdue et alll995l) . These 
variations concern initiation or cessation of the double-mode be- 
haviour and changes in the length and amplitude ratios of the two 
periodicities. None of these studies reports a switch between dom- 
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Figure 13. Petersen diagram of double-mode RR Lyrae in M3. 



inant modes. However, for five RRd stars (V68, V99, V166, V200, 
V251) of the known nine in the globular cluster M3 such a possi- 
ble mode switch was published by different authors feorwin et alJ 
|i999, Benko & Jurcsik 2000, CC04). The case of V79 is different. 
As lciement et alj (l997l) revealed this star switched from a single 
mode first overtone pulsation to double mode one. 

It has to be stressed, that except for V79, the alleged mode 
switching was found within 1-2 years long time series. The ques- 
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Figure 14. Calculated amplitude ratios (Ai/Ao) of synthetic light curves versus iteration number n. Here n are defined by Tq = to + n * 0.01 days; to and 
To are the epoch of the beginning of the s ynthetic light curve s and a given s ampled ones, respecti vely. The rms error of the fit is also marked for each point. 
Data distributions were taken from CCOl = ICorwin & Came\< l200lh . H05 = lHartman et"ai] l2005ft . K = present work. 



tion is whether they were real effects or just artifacts of data distri- 
butions? 

To answer the question the best of (longest, homogeneous) 
CCD data sets were chosen as reference light ciir\>e for each RRd 
stars and were Fourier analyzed. First the frequency of the domi- 
nant mode was determined, then, after prewhitening the data with 
this frequency and its low order (7-15) harmonics, the frequency 
of the other mode was searched. If the spectral window did not al- 
low to make clear distinction of the true period because of severe 
aliasing, then that possible frequency was accepted which was the 
closest to the frequency of a given mode as determined from other 
observations. 

Using the found frequencies of the fundamental and first over- 
tone modes, their harmonics and linear combinations in each data 
set, least square fit solutions were calculated in order to determine 
the amplitudes. The fitting formula was 



m{t) = aoo + ^ a. 

■i.j 



SUl[2-KVij{t — to) + Lpij] 



(3) 



where the designations are the usual: the Fourier amplitudes, aij, 
phases, ipij, the epocha, to, the frequencies, Uij — ifo + jfi, i and 
j integers. As the parameters of the fits proved to be very sensitive 
to the number of harmonics and linear combinations concerned, we 
used only those components which actually appeared in the Fourier 
spectrum. 

The modal content of the pulsation is quantified by the am- 
plitude ratio Ai/Aq: Fourier amplitude of the first overtone mode 



aoi) divided by the amplitude of fundamental mode Ao{= 
Clio). We would like to emphasize that the amplitude ratio defined 
above may differ significantly from the ratio of the total amplitudes 
which is generally used in the literature (e.g. Nemec & ClemenJ 
ll989llCorwin et al^l999^ . 

The estimation of errors of amplitude ratios yields the key to 
justifying their possible changes. The systematic errors of the am- 
plitude ratios were calculated by a simulation: synthetic time series 
were generated using the actual frequencies, amplitudes, phases of 
reference light curves with observational times of data sets from 
which mode switching were published. Fourier parameters were 
determined in the same way as for the reference data in 1000 simu- 
lations/each data set/each star. The initial epoch of simulated light 
curves (To) was shifted at each iteration steps with 0.01 days and 
white noise was also added with variance corresponding to the ob- 
served data. The mean results of these tests are plotted in Fig. ll4l 

• The errors of the amplitude ratios could be an order of magni- 
tude higher than their fitting errors. 

• The same sampling rate yields strongly different accuracy of 
amplitude ratio from star by star. Therefore, improving of time cov- 
erage of data reduces the systematic error but not equally. 

• The amplitude ratios were severely affected by the value of the 
initial phase in those cases when only few nights of observations 
were involved even in high precision CCD observations. 

These results suggest that the formerly published mode switching 
events were over-interpretations of badly sampled observations. 
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Table 8. The colour dependence of the amplitude ratios of multicolour 
CCD observations. (Ai/Ao)b, (Ai/Ao)v. (-4i/Ao)/ denote the mea- 
sured amplitude ratios in Johnson-Cousins BVI colours. Column Ref. show 
the sources of used data pubhshed by others. 



Star (Ai/Ao)s {Ai/Ao)v (Ai/Aq)/ Ref. 



V68 


1, 


,21 ± 0, 


,06 


1, 


,21 ±0, 


,05 


1.16 ±0, 


,23 


1,3 


V68 


1, 


,25 ± 0, 


,06 


1, 


,23 ±0, 


,03 


1.14 ±0, 


,05 


2,4,5 


V79 


1, 


,36 ± 0, 


,12 


1, 


,37 ±0, 


,12 






3 


V79 


1, 


,72 ± 0, 


,06 


1, 


,87 ±0, 


,05 


1.80 ±0, 


,05 


2,4,5 


V87 


2, 


,45 ± 0, 


,18 


2, 


,52 ±0, 


,25 






1,3 


V87 


2, 


,62 ± 0, 


,15 


2, 


,28 ±0, 


,05 


2.25 ±0, 


,08 


4,5 


V99 


1, 


,88 ± 0, 


,07 


1, 


,48 ±0, 


,02 






3,4,5 


V166 


0, 


,72 ± 0, 


,18 


0, 


,78 ±0, 


,09 


0.59 ±0, 


,25 


3 


V166 


0, 


,65 ± 0, 


,15 


0, 


,60 ±0, 


,05 


0.62 ±0, 


,05 


5 


V200 


1, 


,11 ± 0, 


,08 


1, 


,01 ±0, 


,07 


1.13 ±0, 


,12 


5 


V251 


0, 


,49 ± 0, 


,15 


0, 


,81 ±0, 


,10 






5 


V252 


1, 


,14 ±0, 


,05 


1, 


,10 ±0, 


,03 






4,5 



Ref.: l.lCarretta et si\\\99^. 2.lKaluzny et aljfTgjl) . 3. 
ICorwin & Came\< <200lh 4. lHartman et alJ iim^ . 5. this study. 



This conclusion are also supported by the theoretical calcu- 
lations of Buchler & Kollath (2002) who showed that the mode- 
switching time scale is about hundred years in the most dramatic 
case. 



3.5.4 Long time-scale stability of modes 

To investigate the mode switching phenomenon in longer time- 
scale all published photometry (both photographic and CCD) was 
collected. Six RRd stars (V13, V68, V79, V87, V99, V166) have 
sufficient amount of historical data to study the possible long term 
changes of modal content. In the case of VI 3 and V79 no alternate 
periods have been found from any parts of historical data while due 
to their central position V200, V251 and V252 have not any old ob- 
servations at all. For a practical review of published measurements 
of the remaining four stars see the lower panels of Fig. fTsl where all 
different data sets are plotted denoting by different symbols. 

The data were divided into groups containing as many mea- 
surements as possible in a moderate lengths of time interval where 
the periods seem to be constants. When different photometric ob- 
servations belonged to the same group, zero point corrections were 
applied to match the photometries. 

The effect of colour inhomogeneities on the amplitude ratios 
were tested by determining them using the different colours of all 
the available multicolour observations. The results are shown in Ta- 
ble [H It can be seen, that the colour dependence of the amplitude 
ratio is generally smaller than the other errors entering in the re- 
sults. 

Each data group were analyzed and fitted in the same manner 
as it was described in Sec. 13.5.31 The only difference is the number 
of used Fourier harmonics in the case of photographic measure- 
ments (2-3). 

In the top panels of the Figure fTsl it can be seen that all stud- 
ied RRd stars have a well defined amplitude ratio within the fitting 
error. Neither mode switching nor severe amplitude ratio modifica- 
tion were found. 



3.6 Notes on individual stars 

V4 Two RRab sta rs are separated by less than 0'.'5 
lGuhathakurtaetaiIl99i) with periods of 0.585029 and 0.593069 
days, respectively. 

V5 The only star for which period of Blazhko cycle was esti- 
mated previously. The value of 194.55 1 days given bv lPanovliT980l) 
seems to be not valid for CCD data. Unfortunately, determining 
correct period was unsuccessful. 

VIO A s opposed to C 98 we can confirm light curve variations 
reported by ISzeidll il965h . The star has a clearly visible Blazhko 
type amplitude modulation. 

V18 Although, by earlier catalogues this star was classified as 
a Blazhko type RR Lyrae we could not detect such a behaviour on 
the basis of all available data sets (K98, CCOl, H05 and present 
work). 

V22 The light curve variations are certain from both available 
CCD photometries (CCOl and this work). 

V23 Its brightness in band / is too high. 

V29 The star is close to the VI55. The period given by C98 is 
an alias. CCOl interchanged V155 with V29. V29 is a short period 
RRab with strong phase modulation. 

V54 We agree with iSzeidl ( 1965) that the star shows the 
Blazhko effect clearly, albeit by newer sources (e.g. lClement et all 
2001, CCOl) this fact was neglected. 

V44 CC04 reclassified it as an RRc variable star, but we agree 
with the earlier work CCOl and the classification type as RRab with 
Blazhko modulation. 

V70 The star lies definitely above the horizontal branch and 
it has an RRc like light curve with an unusually long period. It 
might be an evolved RR Lyrae stars like VI 29, VIVO and V261. 
We cannot find a common period with any of the C98, K98 nor 
CCOl. This indicates strong period changes. 

V77 Unusually short period RRab type star. As it was noted 
by CCOl its colour index fi—V placed them slightly to the RRc side 
of the CMD. 

V95 This variable star was reported by the ROTSE I 
survey as a new one by Akerlof et al. (2000) as ROTSE 1 
1134159.98-^282257.0. 

V104 Combining CCD data (K98, CCOl and ours) on this star 
its Blazhko behaviour is obvious. 

V114 Very few points. The star is lying far from the centre and 
out of most of our frames. 

V122 See comments at V229. 

V129 Similar to V70. 

V140 It has a light curve modul ation both in p hase and ampli- 
tude as it was already mentioned bv lSzeidllil965t) . Most probably 
this star is an RRc with Blazhko effect. 

V146 C98, CCOl and CC04 have measured the V222 instead 
of this star. 

V149 The light curve variability is evident both from ours and 
from CCOl's data. 

V155 CCOl have interchanged this star with V29. 

V168 In addition to V140 this star is another example for the 
Blazhko type RRc variables in the cluster. 

V170 It is a variable star like V70. Unfortunately, it is merging 
with VI 36. 

V172 We have found the period to be much shorter (~ 0.543 
d) than it was given by The Catalogue (0.594 d) unless they acci- 
dentally reversed the last two digits. A possible phase modulation 
was detected as well. 
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Figure 15. Upper panels: amplitude ratios of the RRd variables in M3 determined for the different group of the data. The error-bars den ote the rms error 
of Fo urier fits. Lower panels: the time distr ibutions o f the photometric observations of each variables. Symbo ls: open squares: lBaile\< j U913), open triangles: 
[ Larink 1 1922). dots: Mullet ( 1933i) . crosses:lGreenstein . 1935). filled squares: Szeidl 1 1965 . 1973). open circ les : lKukarkin & Kukarkini lj 961 1 970). letters Y: 
iRober ts & Sandaae 1 1955). pluses: Konkoly Observ atory (unpu blished), trident stars: C arretta et ali l <1998l) . pentagrams: iKaluznv et alJ il998l) . open triangles 
in upside down: «Corwin & Came\ji200ll) . stars : yHartman et aljlToOS . filled triangles: present work. 



V178 The pulsation frequency of the nearby VI 52 can be rec- 
ognized clearly in the Fourier spectrum of V178. Modulation of 
V178 is probably caused by this neighbourhood. 

V191 We reported here its evident Blazhko behaviour for the 
first time. 

V207 S02 published a period 0.4291 d. We agree with CCOl 
in a much shorter one: 0.345307 d. 

V211 The Blazhko effect noted in Table|4|is clearly seen in its 
phase diagram. 

V218 shows Blazhko effect with large amplitude modulation. 

V221 S02 have suggested its period as 0.6098 d. Folding our 
data with the period 0.3787 d given by CCOl produced a slightly 
smaller scatter. The colour indices are those of type RRc stars. 



V222 CCOl and CC04 have interchanged this star with V146. 

V229 S02 obtained period 0.6877 d. We have found a much 
shorter one: 0.49917 d. 

V234 CCOl measured this star under the name of VI 64 as it 
was corrected by CC04. S02 found a very different period: 0.5495 
d. 

V239 CCOl published a period as 0.33343 1 d. CC04 corrected 
it to 0.66949 d and S02 found a similar one (0.6766 d). Never- 
theless this period is an alias ! Preparing the phase diagram to this 
period two maxima and minima are seen within one cycle. Period 
0.503982 d from our data yields correct phase diagrams for all data 
sets. 
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V242 Period of S02 0.6513 d is significantly different from 
the common period of CC04 and ours. 

V250 As it was shown in Section l?!2l actually it is two over- 
lapping variable stars. 

V259 was found by S02 as an RRab star with the period of 
about a half a day. Our data fit is better with the RRc period of 
CCOl and CC04. 

V261 is also an evolved star like V70, V129 and V170. 

V266 was not included in any of former time series studies. 
The period determined from our data suggest an RRc type star. The 
shape of the folded light curve shows also a normal first overtone 
mode pulsating RR Lyrae. 

V270 It is two blended variable stars. See Section l7!2l for de- 
tails. 



4 SUMMARY 

We have conducted the most extensive CCD BVI survey of vari- 
ables in the globular cluster M3 covering 238 stars. Image subtrac- 
tion photometric data transformed into the Johnson-Cousins magni- 
tude scale, light curves, periods and average magnitudes were pre- 
sented 

• Var ibility search In ad dition to our new variable stars pub- 
lished in lBakosetalJ<200(j) . we have discovered three further RR 
Lyrae stars. We also found four non-variable stars in the instability 
strip. Period, brightness were improved for most of the stars and 
several confused identifications were clarified. 

• Color - magnitude diagrams At least three significant sub- 
groups have been separated by hierarchical clustering method in the 
CMDs of the RRab stars. The identified three clusters agree well 
with previous studies of Jurcsik et al. 1 2003) and with CC05 when 
we contract the appropriate clusters to 2 gr oups from our three ones 
or 3 from the four subgroups separated bv ljurcsik et'^j2003h . 

• Period - brightness relations A clear correlation have been 
found between period of RRab stars and their (/) magnitudes. The 
relation is in good ag reement with synthet ic horizontal branch cal- 
culation published bv lCatelan et alj 12004 . 

• Modulated RR Lyrae stars We identified 66 modulated 
(Blazhko) RR Lyrae stars in our sample where five of them are 
new discoveries. For six stars the ambiguous Blazhko classification 
have been verified. Two modulated RRc variable stars were found 
in the cluster. By combining the available CCD data modulation 
periods were estimated for 13 Blazhko star for the first time. 

• Double mode RR Lyraes Investigating the Fourier spectra of 
V252 its double-mode pulsation has been confirmed. Analyzing all 
available photometric data on RRd stars of the cluster no undoubted 
modal content change, neither on shorter nor longer time scales 
have been detected except for the case of V79. It was shown, that 
to detect a mode-switching it is practically impossible from avail- 
able CCD photometric materials containing observing runs from 
1-3 seasons. 

At the end of this paper we would like to call the attention to 
the necessity of further long CCD time series observation of the 
variable stars of M3. To answer the question of modal changes of 
the double-mode variable stars or to find correct period for all mod- 
ulated stars and many similar problems need long-term, homoge- 
neous and high precision photometry. 
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Table 9: The basic parameters of the variables in M3. 


ID 


Period 


Tvne 


B 


(B) 


V 


\ / 


I 


(I) 


T?pf R \r T 


Comm. 


1 


0.5205963 


RRab 


16.004 


15.900 


15.688 


15.631 


15.248 


15.227 


RRR 


3 


3 


0.5581979 


RRab 


15.939 


15.857 


15.661 


15.612 


15.175 


15.155 


RRR 


Bl,3 


4n 


0.585029 


RRab 














RRR 


c 


4s 


0.593069 


RRab 














RRR 


c 


5 


0.505703 


RRab 


15.986 


15.974 


15.725 


15.714 


15.243: 


15.238: 


AAS 


Bl,c 


6 


0.5143327 


RRab 


16.083 


16.003 


15.755 


15.703 


15.294 


15.276 


RRR 


1 


7 


0.4974248 


RRab 


15.980 


15.889 


15.694 


15.638 


15.248 


15.230 


RRR 


Bl,2 


8 


0.636728 


RRab 


15.808 


15.787 


15.649 


15.634 


14.902 


14.898 


R: R: R: 


3 


9 


0.5415553 


RRab 


16.031 


15.957 


15.689 


15.645 


15.233 


15.217 


AAS 


2 


10 


0.5695465 


RRab 


16.057 


16.004 


15.684 


15.647 


15.162 


15.152 


S S S 


Bl,2,c 


11 


0.5078915 


RRab 


15.993 


15.873 


15.706 


15.636 


15.188 


15.166 


sss 


3 


12 


0.3179347 


RRc 


15.840 


15.814 


15.621 


15.606 


15.281 


15.275 


RRR 




13 


0.4795043 


RRd 


15.931 


15.917 


15.691 


15.684 


15.243 


15.239 


RRR 


Pi = 0.351579 


14 


0.6359002 


RRab 


15.914 


15.867 


15.581 


15.551 


15.059 


15.050 


RRR 


Bl,4 


15 


0.5300874 


RRab 


15.919 


15.833 


15.667 


15.616 


15.159 


15.144 


AAA 


3 


16 


0.5114943 


RRab 


16.110 


16.020 


15.759 


15.701 


15.307 


15.288 


AAS 


1 


17 


0.5761594 


RRab 


16.060 


16.020 


15.694 


15.680 


15.136 


15.127 


AAA 


Bl 


18 


0.5164527 


RRab 


16.179: 


16.068: 


15.751 


15.698 


15.251: 


15.231: 


AAA 


c,l 


19 


0.6319774 


RRab 


16.109 


16.093 


15.689 


15.681 


15.148 


15.145 


AAS 


2 


20 


0.4912636 


RRab 


16.075 


15.988 


15.707 


15.656 


15.233 


15.215 


S AS 


Bl 


21 


0.515758 


RRab 


16.103 


16.012 


15.742 


15.690 






SSS 


a,2 


22 


0.4814205 


RRab 


16.085: 


15.989: 


15.762 


15.698 


15.292 


15.269 


S AS 


Bl,c 


23 


0.5953834 


RRab 


15.934 


15.884 


15.679 


15.639 


14.683 


14.677 


S:S:S: 


Bl,c 


24 


0.663380 


RRab 


15.961 


15.914 


15.558 


15.533 


15.068 


15.060 


ASS 


Bl,4 


25 


0.4800623 


RRab 


16.002 


15.886 


15.747 


15.681 


15.294 


15.271 


RRR 


2 


26 


0.5977427 


RRab 


15.962 


15.891 


15.639 


15.596 


15.002 


14.991 


ASS 


3 


27 


0.5790682 


RRab 


16.031 


15.972 


15.679 


15.649 


15.242 


15.230 


RRR 


2 


28 


0.470617 


RRab 


15.982 


15.911 


15.709 


15.655 


15.281 


15.268 


RRR 


Bl 


29 


0.4717879 


RRab 


15.918 


15.874 


15.821 


15.769 


15.271 


15.265 


RRR 


Bl,m,c 


30 


0.5120888 


RRab 


15.993 


15.895 


15.726 


15.676 


15.265 


15.248 


RRR 


m,2 


31 


0.5807219 


RRab 


15.946 


15.829 


15.612 


15.556 


15.160 


15.140 


RRR 


4 


32 


0.4953506 


RRab 


16.043 


15.924 


15.736 


15.675 


15.265 


15.244 


RRR 


2 


33 


0.5252299 


RRab 


15.944 


15.877 


15.705 


15.670 


15.200 


15.191 


RRR 


Bl 


34 


0.5591031 


RRab 


16.089 


16.067 


15.787 


15.768 


15.179 


15.177 


AAS 


Bl 


35 


0.5305483 


RRab 


15.998 


15.878 


15.695 


15.620 


15.132: 


15.112: 


AAS 


Bl 


36 


0.5455929 


RRab 


15.944 


15.854 


15.660 


15.601 


15.235 


15.214 


S AS 


3 


37 


0.3266378 


RRc 


15.928 


15.903 


15.693 


15.679 


15.307 


15.302 


S AS 




38 


0.5580110 


RRab 


16.108 


16.086 


15.765 


15.701 


15.191 


15.171 


AAS 


Bl 


39 


0.5870758 


RRab 


16.093 


16.021 


15.701 


15.668 


15.220 


15.206 


AAS 


Bl 


40 


0.5515394 


RRab 


16.110 


16.038 


15.711 


15.672 


15.231 


15.218 


AAS 


2 


41 


0.4858777 


RRab 


16.115 


16.001 


15.712 


15.659 


15.311 


15.292 


RRR 


Bl 


42 


0.5900938 


RRab 


15.854 


15.724 


15.563 


15.497 


15.103 


15.079 


RRR 


4 


43 


0.5405129 


RRab 


16.089 


16.006 


15.719 


15.671 


15.244 


15.228 


RRR 


Bl,l 


44 


0.5063801 


RRab 


15.972 


15.912 


15.659 


15.615 


15.171 


15.160 


AAS 


Bl 


45 


0.5369002 


RRab 


16.118 


16.056 


15.706 


15.675 


15.259 


15.247 


S AS 


Bl 


46 


0.6133832 


RRab 


16.050 


16.028 


15.716 


15.703 


15.158 


15.153 


RRR 


1 


47 


0.5409128 


RRab 


15.995 


15.941 


15.673 


15.648 


15.200 


15.190 


RRR 


Bl 


48 


0.6278299 


RRab 


15.952 


15.922 


15.631 


15.615 






SSS 


3 


49 


0.5482048 


RRab 






15.696 


15.645 






S AS 


Bl 


50 


0.5128392 


RRab 


16.038 


15.991 


15.674 


15.645 


15.173 


15.165 


S AS 


Bl 


51 


0.5839702 


RRab 


16.093 


16.041 


15.688 


15.658 


15.194: 


15.187: 


SS A 


2 


52 


0.5162299 


RRab 






15.773 


15.756 






RRR 


Bl 


53 


0.5048789 


RRab 


16.052 


15.939 


15.731 


15.669 


15.301 


15.281 


RRR 


2 


54 


0.5062570 


RRab 


16.102 


16.044 


15.753 


15.714 


15.356 


15.344 


RRR 


Bl,c 


55 


0.5298207 


RRab 


16.063 


15.976 


15.724 


15.673 






AAS 


2 


56 


0.3296000 


RRc 


15.885 


15.866 


15.658 


15.642 


15.257 


15.253 


AAS 




57 


0.5121885 


RRab 


16.078 


16.001 


15.748 


15.699 


15.378 


15.357 


SSS 


2 


58 


0.5170549 


RRab 


15.936 


15.825 


15.670 


15.600 


15.218 


15.196 


RRR 


3 



Multicolour CCD photometry of the variable stars in globular cluster M3 

Table 9: (continued) 



ID 


Period 


Type 


B 




V 




/ 


{I) 




Comm. 


J" 


W. JoooZ. 




1 A 1 ^0 

lU. i JU 


1 A 071 
lU.U / 1 


1 S A77 

i J.U / / 


1 S A40 


IS 170 
1 J. 1 / 7 


IS 170 
1 J. 1 /u 


A A s 


Rl 9 


DU 


7077980 
\J. i\J / 1 ZoU 




1 S 070 

1 J.7 /U 


1 S Q^A 

i J.7 JD 


1 S S9S 


1 S SOA 

1 J. JUD 






•5 A ^ 


A 
H 


Di 


S90Q0'^^ 


JvKdD 


1 A 0A9 • 
lO.UDZ. 


1 S 001 ■ 


1 S 7^^ 

i J, / J J 


1 S AOO 
1 J.D7U 


1 S 990- 
1 J.ZZU. 


1 S 907- 
1 J.ZU / . 


•5 A *i 


Rl 




^iS940Q0 


IvIvaU 


1 A OSS 

iU.UJ J 


1 A 097 

lU.UZ / 


1 S AS7 
1 J . U J / 


1 S A4'^ 

1 J.OH-J 


1 S 001 

1 J.U7 1 


1 S 08S 

1 J.UO J 


A *i s; 


Rl ^ 

Dl, J 


\JJ 


S704004 


ivlvaU 


1 A 081 

lU.UO 1 


1 A 0S9 

lU. UJZ 


1 S 710 

1 J. / lU 


1 S A70 

1 J.U / u 


IS 170 

1 J. 1 /u 


IS lA'^ 

1 J. lUJ 




Rl 

DL 


ftA 

DH- 


A0'=\zL'=\88 




1 A 080 


1 A n4S 


1 S AO"^ 

i J.U7 J 


1 S A79 

1 J . / Z 


IS 1 A9 ■ 

i J. i DZ. 


1 S 1 SA- 

i J. i JO. 


A ^ ^ 


9 

z 


OJ 


^i(i8^474 

U.UUO JH- /H- 




1 QAO 


1 S 87S 

1 J.O / J 


1 S S^l 
1 J. J J 1 


1 S 407 


1 S 004 

1 J.UUH- 


14 001 

1H-.77 1 


ASA 


A 
H- 


ou 


6701 807 


RRah 
IvIvaU 


1 A 09A 

lU.UZO 


1 S Q01 

1 J.771 


1 S ASQ 

1 J.0J7 


1 S A41 

1 J.Utl 


IS ISO 

1 J. 1 JU 


IS 149 

1 J. IH-.Z 


RRR 

Jv Jv Ix. 


Rl 

Dl 


o / 


Sfi8'^^94 

U. JUO J 


RRah 


1 A 0S8 

iU.UJO 


1 S 07A 

1 J.7 / 


1 S A8^ 

1 J.UO J 


1 S A^S 

1 J.Uj J 


1 S 91 8 
1 j.zi 


1 S 900 
1 J . zuu 


RRR 

Ix Ix Ix 


Rl 

Dl 


Do 




RRH 


1 S 090 

1 J.7Z7 


1 S 01 A 

1 J.7ID 


1 S A^A 

1 j.DjD 


1 S A^9 

1 j.OjZ 


1 S 9A7 
1 J.ZO / 


1 S 9AS 

1 j.zoj 


RRR 

IX i\ IX 


-f — U.^/OOoO 




SO 


RRnh 
KKaU 


1 A 1 01 
10. iU i 


1 A 0^7 


1 S 704 
1 J. /UH- 


1 S A79 
i J.O /Z 


1 S 9 1 

1 J.ZI7 


1 S 908 
1 j.ZUo 


RRR 
K K K 


z 


70 


48^\^S 1 8 




1 A84 


1 S A70 
1 J.U / u 


1 S ^09 

1 J. J7Z 


1 S ^8A 
1 J. jou 


14 OSA 

IH-.^^JU 


14 OS^ 

IH-.!? J J 


RRR 

Ix Ix fx 


c 


71 


S400S'^0 


RRnh 


1 A 048 

lU.UH-O 


1 A 008 

lU.UUO 


1 S 89S 

1 J.OZJ 


1 S 70A 

1 J. / 7U 


1 S 0'^'^ 
1 J.Uj J 


1 S 094 

1 J .UZH- 


A- <?■ A- 


R19 m 

Dl .' ,111 


79 


4SA0780 
U.H-JDU / oU 


KKaL) 


1 A 07A 


1 S OS^ 

1 J.7J J 


1 S 74^ 

1 J. / H- J 


1 S A70 


1 S ^40 

1 J. jH-!? 


1 S ^90 
1 J. jZU 


A A ^; 


9 

z 


7^ 


A7^A1 1 




1 A 0S4 


1 A 047 
10. Ut- / 


1 S A90 

1 J.DZ7 


1 S A9A 


1 S 00^ 

1 J.U7 J 


1 S 009 

1 J.U7Z 


*i A *i 


J 


74 


409 1 S9S 


RRah 


1 A 1 90 

lU. iZ7 


1 S 004 


1 S 7S0 

1 J. / J7 


1 S A09 

i J .U7Z 


1 S ^9S 

1 J. JZJ 


1 S ^04 

1 J. JUH- 


RRR 

K Ix K 


9 


7S 


^ 1 407 (i7 


RRn 


1 S 014 

1 J.7 IH- 


1 S 800 
1 J.07U 


1 S A40 

1 J.UH-U 


1 S A9A 

1 J.UZU 


1 S ^9S 

1 J. JZJ 


1 S ^1 

1 J. J 17 


RRR 

Ix Ix fx 




lf% 

fO 


SOI 7/^97 


RRah 


1 A 07A 
10. U /D 


1 S 0A7 

1 J.70 / 


1 S 778 
1 J. / /o 


1 S 790 

1 J. / zu 


1 S '^17- 
1 J.J 1 / . 


1 S 904- 

1 J.Z7H-. 


RRR 

K R K 


1 

1 


11 

1 1 


4S0'^400 

\j.'-Tj)yD'-*yy 


RRah 


1 S 080 

1 J.70U 


1 S 870 
1 J.O / u 


1 S 81 A 

1 J.O lU 


1 S 74^ 

i J. /H-J 


1 S ^'^^ 
1 J. J J J 


1 S ^1 1 

1 J. J 1 1 


RRR 

Ix Ix K 


Rl r 1 

D1,L, 1 


19. 
1 o 


A 1 1 09 


RRnh 


1 S OAO 

1 J.7O7 


1 S 044 


1 S Al ^ 
1 J.Ol J 


1 S A09 
1 J.OUZ 


1 S 1 1 7 
lj.il / 


1 S 1 1 

1 J. i lU 


RRR 
K K K 


Rl 
Dl 


7Q 


'^S80797 


RKU 


1 S QQQ 

VJ.yyy 


1 S 088 

1 J.700 


1 S 740 

1 J. / H-7 


1 S 749 
i J . /H-Z 


1 S 9A8 


1 S 9AA 

1 J.ZDO 


A A S 


p„ n 47881 A 


ou 


S'^8'^788 
u. jjjoj) / oo 


RRah 


1 A 097 
lU. uz / 


1 S OSS 

1 J.7J J 


1 S A70 
1 J.U / 7 


1 S A'^9 

1 J.UjZ 


1 S 91 8 
1 j.zi 


1 S 90S 

1 J.ZU J 


A A *\ 


Rl 

Dl 


O 1 


S9Q1990 


RRah 
IvIvaU 


1 A 078 
lU.U / 


1 S 08A 

1 J.70U 


1 S 7'^0 

1 J. / jU 


1 S A70 

1 J.U / 7 


1 S 977- 
1 J.Z / / . 


1 S 9SS- 

1 J.ZJ J. 


A A s; 


9 


OJ 


SOI 9A'^1 


RRnh 


1 A ns7- 


1 S OAO- 


1 S 7^^ 
i J. / J J 


1 S A74 

i J.U / H- 


1 S 948- 


1 S 998- 

i J.Z.Z-0. 


AAA 

rt. rt. r\. 


9 


Ot- 


S0S7980 
\j.jyj 1 zo" 


RRah 


1 A nQ9 

lU.UOZ 


1 A 049 

1 U . UH-Z, 


1 S A78 
1 J.U / 


1 S AS8 

1 J.UJO 


1 S 1 AA 

1 J. lUU 


1 S 1 S8 

1 J. 1 JO 


RRR 

Ix Ix Ix 


9 


O J 


^SS8101 

U.J J JO 17 1 


RRp 


1 S 780 

1 J. / OU 


1 S 7S4 

1 J. / Jt- 


1 S SOI 

1 J. J7 1 


1 S S74 

1 J. J / H- 


IS 180 

1 J. lOU 


IS 17A 
1 J. 1 / u 


A S 




oo 


9Q9ASQfi 
U.Z7ZUJ70 


RRr 


1 S 0*^7 


1 S QOQ 

1 J.7U7 


1 S A01 

1 J . U7 1 


1 S fTf^ 

1 J.U / J 


1 S ^81 

1 J. JO 1 


1 S '^7S 
1 J. J / J 


A 




87 

o / 


'^S74770 

U.J J I'-T 1 ly 


RRH 


1 S 870 

1 J.O /u 


1 S 8SA 

1 J.OJU 


1 S S80 

1 J. JOU 


1 S S71 

1 J.J / 1 


IS 100 

1 J . 1 7U 


IS 187 
1 J. 10 / 


RRR 

Ix Ix Ix 


-T — u.'iouzzy 


oo 


9087400 




1 s Qon 


1 S 8A8 
i j.oOo 


1 S 70A 
i J. / UO 


1 S A87 
1 j.Do / 


1 S 1 8"^ 
i J. i J 


1 S 1 70 

i J. 1 ly 


RRR 
Ix Ix Ix 




SQ 


S48480^ 
U-JH-oH-oUj 


RRah 
JvKdD 


1 A 040 


1 S OSS 

1 J.7J J 


I S A80 
1 J.D07 


1 S A47 


I S 1 00 

1 J. i7U 


1 S 1 7A 
1 J. 1 /D 


RRR 
Ix Ix IX 


9 
z 


QO 


S170'^08 

U.J 1 /UjUo 


RRah 
IvIvdU 


1 A 1 1 1 • 


1 A 008- 

lO.UUO. 


1 S 797 
1 J. /z / 


1 s fn'^ 

1 J.U / J 


1 S 907- 
1 J.ZU / . 


1 S 1 00- 
1 J. 17U. 




9 




S0^S471 

U. JUJ JH- / 1 


RRah 
IvIvdU 


1 A 041 

lU.UH-i 


1 S 040 


1 S 79'^ 

1 J. / Zj 


1 S A79 

1 J.U / z 


1 S 999 


1 S 901 
1 J . zu 1 


A A 


a 9 

d,Z 




A099QA0 
U.OUZZ7OU 


RRah 


1 A OAO 

ID.UOU 


1 A 091 

ID.UZl 


1 S AA9 

1 J.UOZ 


1 S A40 

1 J.O^U 


1 S 1 SI 

1 J. 1 Jl 


1 S 14^ 
1 J. I'f J 


A A s; 


9 

z 


QA 


S9^AQ40 
U. jZjDyH-U 


RRnh 
KKdU 


1 A 089 

lO.UoZ 


1 S 00"^ 

1 J.77J 


1 S 79S 

1 J. / Zj 


1 S A71 

1 J.O / 1 


1 S 9S9 

1 J.ZjZ 


1 S 9'^S 

1 J.ZjJ 


A A S 


9 

z 


OS 


10^ s 

iUJ. J 


long 














AAA 


C 


70 


n 40041 so 

U.H-77'4i jU 


RRah 
KKdD 


1 A 09'^ 


1 S 01 8 

1 J.7I0 


1 S 710 
1 J. / 17 


1 S AS9 

1 j.OjZ 






A ^; s 


a 9 
d,Z 


07 

y 1 


^^40^9A 


RR(- 


1 S 047 


1 S 0"^^ 

1 J.7 J J 


1 S 71 9 

i J. / iZ 


1 S 70^ 

i J. I\}D 


1 s ^so 

i J. J J7 


1 S ^SS 

1 J. jj J 


<2 <2 <2 




00 

yy 


^AOO'^ 1 
yj . D\j\jy J ly 


RRH 


1 S 8^9- 
i J.O jZ. 


1 S 894- 
i j.oZH". 


1 S S09 

1 J. J7Z 


1 S SQO 

1 J. J7U 


1 S 008- 
1 J.U70. 


1 S OOA- 
1 J.U7D. 


<i A 


p, n /1 8900*^ 

J — U.'ioZUUO 


1 on 

lUU 


Al 881 9A 
U.Ol 00 1 zo 


RRah 


1 A 074 
10. U /H- 


1 A 04S 
lO.U^J 


1 S 79 1 

1 J. / Z 1 


1 S 70S 

1 J . / U J 


1 S 1 71 
1 J. 1 / 1 


1 S 1 AS 

1 J. IOj 


RRR 
K K K 


1 

i 


1 01 


64^8870 

U.UH-JOO / y 


RRah 


1 A 1 1 7 


1 A 00^ 

1U.U7J 


1 S 70^ 

1 J . / U J 


1 S A09 

1 J.U7Z 


1 S 1 AO 
1 J. 1U7 


1 S 1 AA 

1 J. lUU 


RRR 
Ix Ix fx 


Rl 9 




SA0Q9S0 

U. JO77ZJ7 


RRah 


1 S 88'^ 

1 J.OO J 


1 S 77'^ 
1 J. / /J 


1 S SQ9 

1 J. J7Z 


1 S S'^A 

1 J.J JU 


IS 1A4 

1 J . 1 UH- 


IS 14S 

1 J . 1 H- J 


RRR 

fx Ix Ix 


Rl r 4 


lOS 


9877440 

U.ZO / /H-'+U 


RRr 


1 S 809 

1 J.OUZ 


1 S 701 

1 J. / 7 1 


1 S S8A 

1 J. JOU 


1 S S80 

i J .JOU 


1 S ^08 

1 J. JUO 


1 S ^OA 

1 J. JUU 


RRR 

Ix Ix Ix 




1 OA 


S471 ^ 1 f\ 

u. j'+ / 1 J 10 


RRah 


1 A 1 1 9 
10. 1 iz 


1 A 0^0 

10.UJ7 


1 S 71 9 

1 J. / IZ 


1 S A7S 

i J .D / J 


1 S 9^7 

1 J.Zj / 


1 S 99^ 


RRR 
Ix Ix Ix 


Rl 

Dl 


1 07 


^000^78 

U. jU"U J / 


RRr 
KKU 


1 S 01 7 

1J.71 / 


1 S 800 
1 J.07U 


1 S AOO 

1 J.U7U 


1 S A74 

i J .U / H- 


1 S 900 

1 J.Z77 


1 S 90^ 

1 J.Z7 J 


A A 




1 08 

iUo 


SI OAIO 

U.J i7UlU 


RRah 

IVKdU 


1 A 00^ 
1U.U7J 


1 A 000 

lU.UUU 


1 S 7A9 
1 J. / uz 


1 S 708 

1 J. / UO 


1 S 9A0 

1 J.ZUU 


1 S 941 

1 J.ZH-l 




a 1 
d, 1 


10Q 


S'^'^090S 


RRah 

iVKdU 


1 A O'^O 

IU.UjU 


1 S 04S 

1 J.7H-J 


1 S 74A 

1 J . / H-U 


1 S AOS 

1 J.U7 J 


1 S 997 

1 J.ZZ, / 


1 S 91 1 

1 J.ZI 1 


RRR 

Ix Ix fx 


1 

1 


1 1 n 
1 iU 


U.j3j4oUz 


KKaD 


lo. Ujj 


1 ^ OCO 

Vj.yjy 


1 ^ HAH 


1 < ^OO 
1 J-OVo 


1 ^ TOO 

1 j.ZzZ 


1 j.zUo 


D D D 
K K K 


Dl 

d1 


111 


0.5101919 


RRab 


16.007 


15.938 


15.754 


15.694 


15.314 


15.290 


RRR 


Bl 


114 


0.597723 


RRab 














AAA 


c 


116 


0.514811 


RRab 


16.116 


16.026 


15.762 


15.706 






AAS 


a,l 


117 


0.6005350 


RRab 


15.986 


15.913 


15.642 


15.592 


15.059 


15.042 


AAA 


Bl 


118 


0.4993905 


RRab 


16.092 


15.987 


15.730 


15.672 






AAS 


a,2 


119 


0.517690 


RRab 


16.062: 


15.966: 


15.729 


15.670 


15.201: 


15.182: 


AAS 


2 


120 


0.640140 


RRab 


16.023 


16.007 


15.637 


15.628 


15.093 


15.090 


AAS 


3 


121 


0.5352076 


RRab 


16.050 


16.016 


15.736 


15.704 


15.292 


15.286 


RRR 


Bl 


122 


0.5159519 


RRab 














RRR 


m,c 


124 


0.752439 


RRab 


16.012 


16.000 


15.550 


15.544 


14.944 


14.942 


sss 


4 


125 


0.3498227 


RRc 


15.978 


15.959 


15.740 


15.730 


15.224 


15.220 


sss 
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Table 9: (continued) 



ID 


Period 


Type 


B 


(B) 


V 






/ 




{I) 




Comm. 


1Z.U 




RRr 


1 J.7U J 


1 S 887 

i J.OO / 


i J, 


6^1 

.UJ i 


1 S 699 

1 J.UZ.Z- 


1 J 


97S 

.Z / J 


I S 971 
1 j.z / 1 


RRR 

Iv Iv 1\. 




1 98 


n 9Q9nAi n 


PR*- 


1 S 8^^4 
1 j.oDH- 


1 S 840 


i J. 


6S'^ 

.UJ J 


1 S 6'^7 
1 J.o J / 


i J. 


■^so 

. J ju 


1 S ^44 
i J. jtH 


RRR 
IN. r\ ix 






U.H-UOUojZ 


JvKC^^ '.) 


1 S 778 
1 J. / / 


1 S 760 
1 J. / DU 


i J. 


SOO 
. jUU 


1 S 409 


i J. 


07^ 
.U / J 


1 S 070 
1 J.U /U 


RRR 
r\ r\ i\. 


c 


1 '^0 


U. JOUV/J 7*+ 


IvIvaU 


1 S Q79 

1 J.7 / Z 


1 S 0S8 
1 J.7J0 


1 S 

1 J. 


670 
,\j /y 


1 S 671 
1 J.o / 1 


1 s 

1 J. 


160 

, lOU 


IS 1S6 

1 J. 1 JO 


RRR 
fx iv rx. 




1 J 1 




RRi^ 


1 S Q04 

1 j.yU'f 


1 S 878 

1 J.o /o 


1 c 

1 J. 


60 S 


1 S 670 

1 J.O /7 


1 s 

1 J. 


'^S4 

. J JH- 


1 S "^40 

1 J. jH-7 


RRR 




1 ^7 
1 jZ 


U. J J70JDU 


RR(- 


1 S 01 9 


1 S 8QS 

i J.07 J 


1 J, 


6^9 
.0 jZ 


1 S 699 

i J .ozz 


i J 


9S 1 

.ZJ i 


1 S 940 
i J.ZHV 


RRR 




1 


U. J JU / ZjU 


RRah 


1 f. 048 


1 S 077 
1 J." / / 


1 J. 


7^4 

. / JH- 


1 S 701 

1 J. / Ul 


1 J. 


97S 

.Z / J 


1 S 961 
1 J . zo i 


RRR 

RRR 


Rl 9 


1 %A 


n 61 80^07 


RRah 
IvKdD 


1 S QQS 


1 S 071 

1 J.7 / 1 


1 S 

1 J. 


680 
■ DoU 


1 S f\f\'\ 

1 J.OO J 


1 S 

1 J. 


14S 

.It J 


1 S 1 '^0 

1 J. 1 J7 


RRR 
RRR 


z 


1 


n Sf^8'^Q9n 
U.JO0J7ZU 


RRah 
IvKdD 


lO.UUO 


1 S 06S 

1 J.7OJ 


1 s 

1 J. 


74'^ 


1 S 706 
1 J. /uo 


1 s 

1 J. 


9'^0 

■ Zj7 


1 S 998 

1 J.ZZO 


RRR 
RRR 


m 


1 jD 


n ^^1 71 70 

u.oi / 1 / 7 


RRqK 


1 J.700 


1 S 0S7 

1 J.7J / 


1 s 

1 J. 


6'^9 

■ OjZ 


1 S 61 6 

1 j.OiO 


1 s 

1 J. 


1 67 
. iO / 


1 S 1 61 
1 J. iOi 


RRR 

RRR 


Ill, J 




n S7S 1 AS9 
U.J / J IH-oZ 


RRnK 


1 f\ 001 

iO.UUl 


1 s oso 

1 J.7JU 


1 s 

1 J. 


6S1 


1 S 61 
1 j.oiy 


1 s 

1 J. 


908 
,ZUo 


1 S 1 06 
1 J. lyo 


RRR 
RRR 


-5 
J 


1 JO 


98 
J j.z,o 


long 


















AAA 

r\ r\ r\ 




1 J7 


U. JOUUUU 


RRah 


1 J.701 


1 S 841 

1 J . OH- 1 


1 s 

1 J. 


648 


1 S S87 

1 J.JO / 


1 s 

1 J. 


1 84 

. ICt 


IS 160 
1 J . 1 ou 


RRR 

RRR 


A 
t 


MO 


n 1 TOO 

u. J J J 1 JOO 


RRr 


1 S 740 

1 J . / H-U 


1 S 71 S 

i J. / 1 J 


I < 

i J, 


S49 


1 S S^O 

1 J. J jU 


1 < 

i J 


998 

.ZZO 


1 S 99S 

1 J.ZZ.J 


RRR 

RRR 


Rl n 




U. jDoDZ / H- 


RRnh 


1 A 1 no 

ID. LV/vj 


1 6 090 
iu.uz^ 


1 J, 


7 1 

. / 1 J 


1 S 670 

i J.o / 7 


i J 


970 

.L ly 


1 S 966 
1 J.ZDO 


RRR 
RRR 


L 




Vy. JVUJ J JVj 


RRnh 


1 S 740 

IJ. 


1 S 669 


i J, 


4^7 


1 S ^06 

i J. jyu 


1 J 


010 


1 4 00^ 

iH.W J 


RRR 

RRR 


Rl 
iji 




SQ^\78A^ 

U. J-?U / OH-J 


RRah 


1 f. 049 


1 6 000 

lU.UUU 


1 < 

1 J. 


608 

.U70 


1 S 67S 
1 J.o / J 


1 J. 


1 44 


IS 1^6 

1 J. 1 JO 


RRR 

RRR 


9 


It J 


n SI AA8sn 

U.J IH-H-OOU 


RRah 


1 S 89S 

1 J.OZJ 


1 S 7S9 

1 J. / JZ 


1 s 

1 J. 


S'^0 

.J J" 


1 S 400 


14 


079 

.7 / z 


14 060 
iH-.you 


RRR 

RRR 


m 




sn9 1 Q^O 

U. JUZl 7 JU 


RRah 


1U.UV7U 


1 S OOS 

i J.7UJ 


1 J, 


7^4 
. / JH 


1 S 674 

1 J . U / H- 


1 J 


966 
.zuu 


1 S 946 

i J.ZH-U 


RRR 

RRR 


c 




U. jtUtoU!? 


RR(- 


1 S 0^4 
1 J.!7D'^■ 


1 S 04^^ 


i J. 


. / J J 


1 S 799 

1 J. /zz 


i J 


. jUH 


1 s ■^oo 

1 J. jUU 


RRR 
RRR 




IAS 


u.H-D / zoy J 


RRnh 


1 A 1 7^ 
10. i / J 


1 6 096 

lU.UZU 


1 J. 


89^ 
.oZj 


1 S 7S9 

1 J. / jZ 


i J 


^66 

.JUU 


1 S ^4^ 
1 J. jH J 


RRR 
RRR 


m 


1 AQ 


u. jH-o 1 / y\j 


RRah 


1 f\ 08^ 

iU.UO J 


1 S 009 
1 J.77Z 


1 s 

1 J. 


670 
,\j ly 


1 S 641 

1 J.OH-l 


1 J. 


111 
,^ 1 1 


1 S 9S0 

1 J.ZJU 


RRR 

RRR 


Rl n 


1 SO 


n S9'^Q948 

U. JZJ7ZH-0 


RRah 
ivlvaU 


lU.UOU 


1 S 078 

1 J." / 


1 s 

1 J. 


1X1 
. / J / 


1 S 687 

1 J.OO / 


1 S 

1 J. 


9S6 

.ZJO 


1 S 9'^8 

1 J.z JO 


RRR 

RRR 


Rl 

Dl 


1 J 1 


U.J IDoZt / 


RRnh 


IS 001 ■ 


1 S 098- 
1 J.7Z0. 


1 

1 J 


647 


1 S 69 1 

1 J .DZ 1 


1 J 


97^ 

./.ID 


1 S 960 

1 J.ZDU 


RRR 
RRR 


Rl 

Dl 


1 S7 


U. JZUl JUo 


RRr 


1 S 89^ 

1 J.OZJ 


1 S 80S 

1 J.OUJ 


1 J. 


SS 1 

.J J i 


1 S S40 

1 J. JH-U 


1 J. 


904 


1 S 980 

1 J.ZO" 


RRR 

RRR 




1 SA 


1 S 9849 


VV Vll 


















RRR 

RRR 




1 SS 


\J.DDO\JJ\j 


RRr- 


1 S 81 S 

1 J.Ol J 


1 S 80S 

1 j.oUj 


1 s 

1 J. 


■ DO / 


1 S 660 

1 J.ODU 


1 s 

1 J. 


9S7 
■Zj / 


1 S 9S4 

1 J.Zjt 


RRR 
RRR 


m,c 


1 JO 


U. J J i"oo 


RRah 
iVIxaU 


Ifi 01 S 

lU.Ul J 


1 S 010 

1 J." 1" 


1 s 

1 J. 


796 
. / zu 


1 S 681 

1 J.OO 1 


1 s 

1 J. 


'^09 

. JUZ 


1 S 989 

1 J.ZOZ 


R- R R 

R. R R 


9 


1 S7 

1 J / 




RRnh 


1 A 09A 
lO.UZu 


I S 08S 

i J.70J 


1 < 

i J. 


7S0 
. / jU 


1 S 798 

1 J. /Zo 


i J. 


9QS 

.Z7J 


1 S 988 
i j.Zoo 


RRR 
RRR 


Rl 

Dl 


1 SO 


U.J JJ07U 


RRah 


1 S 7^^ 
1 J. / jj 


1 S 678 
1 J.U / 


1 < 

1 J. 


407 


1 S "^80 
1 J. joU 


14 


014 


14 OO'^ 

iH-.yuj 


RRR 
RRR 


m 




U.UJ / J jU 


RRah 


1 S 870 
1 j.o / y 


1 S 89 

1 J.OZ 


1 < 

1 J. 


SSQ 

■ J J7 


1 S S'^8 

1 J. J JO 


1 s 

1 J. 


006 

,U70 


1 S 086 

1 J.UOO 


RRR 

RRR 


Rl A 

Dl,t 


lUl 


U. JZ,UH-7J 


RRah 


16 076 
lU.U / 


1 S 066 
1 J.7U0 


1 s 

1 J. 


7S4 
■ / jt 


1 S 60'^ 

1 J.07J 


1 S 

1 J. 


94S 

.ZHJ 


1 S 991 

1 J . zz. 1 


RRR 

RRR 


Rl 

Dl 


1 fx^s 


U.^ojuj 1 J 


RRah 


1 S 090 

1 J.7ZU 


1 S 809 

1 j.oUZ 


1 s 

1 J. 


647 


1 S SSS 

1 J.JOJ 


1 s 

1 J. 


944 


1 S 999 


RRR 

RRR 




1 fxft 
lOD 


U.H-oH-yjZ!? 


RRH 


1 S 086 

1 J.70U 


1 S 060 


i J. 


800 


1 S 707 

1 J. ly 1 


1 J. 


97S 
.Z / J 


1 S 971 
1 J.Z / 1 


RRR 
RRR 


p, — n 

-r 1 — U 


iU / 


n ^i4^Q71 

U.UH-J7 / iU 


RRah 
iVIXdU 


1 6 074 

lU.U /H- 


1 6 064 

lU.UUH- 


1 s 

1 J. 


684 


1 S 677 
i J.o / / 


1 s 

1 J. 


1 

■ 1 J J 


1 S 1 ^1 
1 J. i J 1 


RRR 

RRR 


1 

i 




U.Z / jyH-Uo 


RRr- 


1 S 786 

1 J. /OO 


1 S 779 
1 J. / /Z 


1 s 

1 J. 


698 
,OZo 


1 S 617 
ij.Ol / 


1 s 

1 J. 


978 
■Z /o 


1 S 974 

1 J.z /H- 


RRR 
RRR 


Rl 
Dl,^ 


1 1C\ 
1 /u 


n 4^9^^9^ 
Kj.'-tOjL.DDZ.D 




1 S 61 ^ 

1 J.U 1 J 


1 s soo 

1 J. J7U 


1 

1 J 


41 6 


1 S 406 


1 

1 J 


044 


1 S 0^0 

1 J.UJ7 


RRR 
RRR 


ni,c 


171 
1/1 


U. jUj jUU 


RRr 


1 S 849 

1 J.Ot-Z 


1 S 8 1 1 

1 j.ol i 


1 J 


6^1 
.UJ i 


1 S 61 ^ 

i J .D i J 


1 J 


4^9 
.HjZ 


1 S 497 
1 J.HZ / 


RRR 
RRR 


m 


1 79 

1 / z 


n S4998QQ 


RRnh 


1 6 074 
10. U /H- 


1 s oos 

1 j.^yj 


1 J 


788 


1 S 741 
1 J . /H-1 


1 J. 


901 

.zy 1 


1 S 976 
1 J.Z /o 


RRR 
RRR 


c 1 


1 7^ 
1 / J 


u.uu /uuz, / 


RRah 


1 S 074 

1 J.7 /H- 


1 S 001 

1 J.7Ui 


1 S 

1 J. 


6S0 

■ UJ7 


1 S 699 

i J.OZZ, 


1 S 

1 J. 


1 ^S 
■ 1 J J 


1 S 1 9"^ 

1 J. IZJ 


RRR 

RRR 


J 


174 

1 /H- 


n SQI'^187 


RRah 


16 010 

lU.Ul 7 


1 S 088 

1 J.700 


1 S 

1 J. 


■ / JO 


1 S 799 

1 J . / zz, 


1 s 

1 J. 


'^70 
■ J / u 


1 S '^61 
1 J. joi 


RRR 

RRR 




17^^ 
1 / J 


S^^Q^^Q7 

U. JU7U" / 


RRnh 


1 6 009 

lU. U"Z 


1 6 096 

lU.UZU 


1 s 

1 J. 


600 


1 S 66S 

i J .OUJ 


1 s 

1 J. 


1 8^ 
. i J 


1 S 1 60 

1 J. iO" 


RRR 

RRR 


9 

z 


1 lf\ 

1 /D 


n s^QAi no 

U. J J7DIU7 


RRnh 


1 6 1 07 
10. ly / 


16 198 
10. iZo 


1 J. 


7^^ 
. / J J 


1 S 707 
1 J. /U / 


1 J. 


9^S 

.Zjj 


1 S 994 
1 J.ZZH 


RRR 
RRR 


Rl 

Dl 


1 77 

ill 


u. j'+ojH-y / 


RRr 


1 S 600 


1 S 671 
1 J.U / 1 


1 J. 


S^4 
. J jH- 


1 S SI 7 

1 J. J i / 


1 J. 


970 
.Z / U 


1 S 964 
1 j.ZDt 


RRR 
RRR 




1 78 
1 / o 


U.ZUU7UZJ 


RRr 


1 s 00s 

1 J.7UJ 


1 S 801 
1 J.071 


1 S 

1 J. 


70S 

■ / UJ 


1 S 600 
1 J.077 


1 s 

1 J. 


480 

■HoU 


1 S 478 

1 J.H / 


RRR 

RRR 


m,c 


1 RO 
ioU 


n /^OQI 004 

U.OUyiUU'f 


RRah 


1 6 OSO 

IO.UjU 


1 6 017 
10. Ul / 


1 S 

1 J. 


709 
■ /uz 


1 S 670 

1 J.O /7 


1 s 

1 J. 


'^47 
.jt/ 


1 S '^'^6 
1 J.J jO 


RRR 

RRR 


Rl 9 

D1,Z 


iO 1 


u.uu JOH-U J 


RRnh 

l\.l\.dU 


1 S 80^ 

1 J.07 J 


1 s 870 

1 J . i\.j 


1 s 

1 J 


S40 

. JH-U 


1 S S98 

i J . JZ,0 








R R 

R R 




184 


0.5312073 


RRab 


15.971 


15.948 


15 


.690 


15.660 








RR 


m 


186 


0.6634230 


RRab 


15.944 


15.931 


15 


.619 


15.613 


15 


.100 


15.095 


RRR 


3 


187 


0.586257 


RRab 


16.164 


16.094 


15 


.731 


15.709 


15 


.280 


15.269 


RRR 


Bl?,l 


188 


0.26652823 


RRc 


15.958 


15.944 


15 


.789 


15.782 


15 


.530 


15.527 


RRR 




189 


0.61294 


RRab 


16.161 


16.116 


15 


.706 


15.687 


15 


.184 


15.175 


RRR 


m,2 


190 


0.5227970 


RRab 


16.014 


15.929 


15 


.737 


15.683 


15 


.234 


15.222 


RRR 


2 


191 


0.519206 


RRab 


15.996: 


15.926: 


15 


.736 


15.702 


15 


.333 


15.321 


RRR 


Bl,c 


193 


0.747860 


RRab 


15.853 


15.772 


15 


.502 


15.466 


14, 


.984 


14.970 


R: R: R: 


m,4 


194 


0.4892000 


RRab 


15.910: 


15.772: 


15 


.679 


15.628 


15 


.270 


15.255 


RRR 




195 


0.64408 


RRab 


15.971 


15.953 


15 


.612 


15.606 


15 


.172: 


15.169: 


RRR 


3 


197 


0.4998971 


RRab 


16.158 


16.016 


15 


.788 


15.719 








RRR 


a,l 



Multicolour CCD photometry of the variable stars in globular cluster M3 

Table 9: (continued) 



ID Period Type B {B) V {V} I {/) Refs.v.j Comm. 



200 


0.3610002 


RRd 


15 


951 


15 


934 


15 


568 


201 


0.54054 


RRab 


16 


083 


15 


964 


15 


706 


202 


0.773571 


RRab 


15 


961 


15 


959 


15 


559 


203 


0.2897940 


RRc 


15 


858 


15 


855 


15 


593 


207 


0.345307 


RRc 


15 


838 


15 


819 


15 


628 


208 


0.3383847 


RRc 


15 


872 


15 


853 


15 


709 


209 


0.3482784 


RRc 


15 


801 


15 


780 


15 


621 


210 


0.352947 


RRc 


15 


837 


15 


820 


15 


683 


211 


0.558205 


RRab 


15 


988 


15 


948 


15 


781 


212 


0.5421882 


RRab 


15 


985 


15 


919 


15 


659 


213 


0.299955 


RRc 


15 


700 


15 


677 


15 


513 


214 


0.53952 


RRab 


15 


994 


15 


911 


15 


741 


215 


0.528746 


RRab 


15 


935: 


15 


885: 


15 


607 


216 


0.3464803 


RRc 


15 


929 


15 


908 


15 


677 


218 


0.544862 


RRab 


16 


108 


16 


075 


15 


708 


219 


0.6136073 


RRab 


16 


on 


15 


993 


15 


717 


220 


0.6001119 


RRab 


15 


977 


15 


946 


15 


724 


221 


0.3787879 


RRc 


15 


540 


15 


520 


15 


512 


222 


0.5967446 


RRab 


15 


986 


15 


931 


15 


598 


223 


0.3291883 


RRc 


15 


840 


15 


811 


15 


589 


225 


? 


long 














226 


0.4884239 


RRab 


16 


029 


15 


934 


15 


736 


229 


0.4991777 


RRab 










15 


736 


234 


0.508039 


RRab 


16 


046 


15 


963 


15 


685 


235 


0.759846 


RRab 


15 


882 


15 


860 


15 


539 


236 


? 


long 














239 


0.503982 


RRab 


15 


907 


15 


815 


15 


754 


240 


0.2760172 


RRc 


15 


623 


15 


609 


15 


516 


241 


0.596172 


RRab 










15 


494 


242 


0.5964335 


RRab 


16 


016 


15 


993 


15 


588 


243 


0.634627 


RRab 


15 


911 


15 


891 


15 


640 


244 


0.5378472 


RRab 


15 


947: 


15 


840: 


15 


728 


245 


0.2840324 


RRc 


15 


886 


15 


853 


15 


704 


246 


0.3391374 


RRc 


15 


803 


15 


788 


15 


635 


247 


0.6053555 


RRab 


16 


084 


16 


05 


15 


688 


248 


0.5097854 


RRab 


16 


099 


16 


042 


15 


613 


249 


0.5330032 


RRab 


15 


942 


15 


879 


15 


688 


250n 


0.5671499 


RRab 










15 


523 


250s 


0.5861391 


RRab 


15 


847 


15 


743 


15 


537 


251 


0.4705028 


RRd 


15 


75: 


15 


714: 


15 


608 


252 


0.3359896 


RRd 










15 


728 


253 


0.3326257 


RRc 


15 


561: 


15 


543: 


15 


504 


254 


0.605656 


RRab 


15 


794 


15 


772 


15 


545 


255 


0.5726891 


RRab 


16 


071 


16 


004 


15 


600 


256 


0.3180587 


RRc 


15 


912 


15 


894 


15 


704 


257 


0.6019823 


RRab 


16 


056 


15 


990 


15 


733 


258 


0.713396 


RRab 


16 


006 


15 


984 


15 


599 


259 


0.3335311 


RRc 


15 


999 


15 


968 


15 


733 


260 


? 


long 














261 


0.4448913 


RRc(?) 


15 


422 


15 


413 


15 


195 


263 


0.2168508 


SXPhe 


17 


443 


17 


437 


17 


046 


264 


0.356466 


RRc 


15 


622 


15 


599 


15 


474 


266 


0.3424518 


RRc 


15 


849 


15 


834 


15 


516 


269 


0.3592861 


RRc 


15 


600 


15 


574 


15 


510 


270n 


0.625819 


RRab 














270s 


0.690195 


RRab 














271 


0.632794 


RRab 


16 


031 


15 


997 


15 


640 


272 


? 


long 















15.561 


15.037 


15.035 


RRR 


Po = 0.485298 


15.670 


15.485 


15.454 


RRR 




15.558 


14.977: 


14.977: 


A AS 


4 


15.592 


15.253 


15.252 


S AS 




15.617 


15.319 


15.315 


RRR 


c 


15.698 


15.327 


15.323 


RRR 




15.607 


15.251 


15.246 


RRR 




15.672 


15.230 


15.223 


RRR 




15.760 


15.236 


15.227 


R: R: R: 


Bl,m,c 


15.622 


15.429: 


15.411: 


RRR 


Bl 


15.501 


15.154 


15.151 


RRR 




15.706 


15.323 


15.305 


RRR 


1 


15.585 


15.339: 


15.324: 


RRR 


Bl 


15.667 


15.492 


15.482 


RRR 




15.658 


15.249 


15.244 


RRR 


Bl,c 


15.707 






RR 




15.710 


15.205 


15.197 


RRR 


Bl?,l 


15.499 


15.290 


15.283 


RRR 


m,c 


15.572 


15.050 


15.042 


RRR 


c,3 


15.576 


15.289 


15.284 


RRR 










AAA 




15.685 


15.419: 


15.378: 


RRR 


m 


15.682 


15.308: 


15.289: 


RRR 


m,c 


15.645 


15.445 


15.428 


RRR 


c 


15.526 


14.966 


14.961 


RRR 


4 








AAA 




15.700 


15.282 


15.258 


R: R: R: 


Bl,c,l 


15.508 


15.045 


15.043 


R: R: R: 




15.441 


15.347 


15.315 


RR 


m 


15.576 






RR 


m.c 


15.629 


15.012 


15.007 


RRR 


Bl?,3 


15.682 


15.327: 


15.309: 


RRR 


1 


15.689 


15.346 


15.338 


RRR 




15.622 


15.249 


15.244 


RRR 




15.670 


15.182 


15.174 


RRR 


2 


15.603 


15.260 


15.248 


RRR 


m 


15.640 


15.135 


15.123 


RRR 


3 


15.506 






R 


m,c 


15.490 


15.383 


15.344 


RRR 


m,c 


15.596 






RR 


Pi = 0.348726 


15.719 






RR 


Po = 0.452791 


15.493 


15.182 


15.176 


RRR 




15.531 


15.200 


15.193 


R: RR 




15.581 






R: R: 




15.692 


15.418 


15.412 


RRR 




15.705 


15.110: 


15.089: 


RRR 


Bl? 


15.587 


15.072 


15.068 


RRR 


4 


15.720 


15.312 


15.309 


RRR 


c 








AAA 




15.187 


15.110 


15.107 


R: R: R: 


c 


17.043 


18.009 


17.991 


RRR 




15.465 


15.143 


15.139 


R: R: R: 




15.508 


15.308 


15.307 


R: R: R: 


c 


15.505 


15.090 


15.093 


R: R: R: 










RRR 


m,c 








RRR 


m.c 


15.624 


15.182 


15.175 


RRR 


3 
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Table 9: (continued) 



ID 


Period 


Type 


B 


{B) 


V 




I 


{!) 


ReiB,v,i Comm. 


273 


46.43 


long 














AAA 


274 


7 


long 














AAA 


Nl 


0.071628533 


SXPhe 


17.719 


17.660 


17.454 


17.428 


17.212 


17.201 


RRR 


N2 


0.251010 


RRc 


15.707 


15.700 


15.535 


15.534 






R: R: 


N3 


0.29654065 


RRc 


15.688 


15.681 


15.547 


15.544 


15.426 


15.425 


R: R: R: 



